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SUPPORT SA TT FOP CFT T AND M ETHOD 
jgF^PR^DUCING^THF SAME AN D CELL 

TECHNICAL FIELD 

This invention relates to support salt for a cell and a method 
of producing the same as well as a non-aqueous electrolyte cell and a 
polymer cell using such a support salt, and more particularly to a 
support salt for a cell having a combustion suppressing effect. 
BACKGROUND ART 

Recently, cells having a small size, a light weight, a long 
service life and a high energy density are particularly demanded as a 
power source for small-size electronics devices with a rapid advance 
of electronics. A non-aqueous electrolyte cell using lithium as an 
active substance for negative electrode is known as one of the cells 
having a high energy density because an electrode potential of lithium 
is lowest among metals and an electric capacity per unit volume is 
large. Many kinds of such a cell are actively studied irrespectively of 
primary cell and secondary cell, and a part thereof is practiced and 
supplied to markets. For example, the non-aqueous electrolyte 
primary cells are used as a power source for cameras, electronic 
watches and various memory backups, and the non-aqueous electrolyte 
secondary cells are used as a driving power source for note-type 
personal computers, mobile phones and the like. 

In these non-aqueous electrolyte cells, since lithium as an 
active substance for negative electrode violently reacts with a 
compound having an active proton such as water, alcohol or the like, 
an electrolyte used in these cells is limited to an aprotic organic 
solvent such as ester-based organic solvent or the like. 

Heretofore, a separator is used in the non-aqueous electrolyte 
secondary cell for preventing the contact between positive electrode 
and negative electrode. As the separator is used a porous thin-layer 
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film or the like for obstructing no inonic migration in the electrolyte. 
However, the thin-layer film has not an ability of holding the 
electrolyte, so that there is a risk of liquid leakage in the cells using 
the thin-layer film as a separator. 

On the contrary, polymer cells using a polymer as an 
electrolyte are recently developed as a cell having no fear of liquid 
leakage. Particularly, the polymer cell is recently and increasingly 
studied because the formation of film is possible and the assembling 
property onto an electronics device is good and the effective utiliza- 
tion of spaces is possible in addition to no fear of liquid leakage. 
As an electrolyte used in the polymer cell, there are known a true 
polymer electrolyte formed by carrying a lithium salt on a polymer, 
and a gel electrolyte formed by swelling a polymer with an organic 
solvent. However, the true polymer electrolyte has a problem that an 
ion conductivity is considerably lower than that of the gel electrolyte. 

On the other hand, in the polymer cell using the gel elec- 
trolyte, since a lithium metal or a lithium alloy is used as a material 
for negative electrode likewise the aforementioned non-aqueous 
electrolyte secondary cell, the negative electrode violently reacts with 
a compound having an active proton such as water, alcohol or the like, 
so that the organic solvent used in the gel electrolyte is limited to an 
aprotic organic solvent such as an ester based organic solvent or the 
like likewise the electrolyte of the above non-aqueous electrolyte cell. 

In general, in the non-aqueous electrolyte of the non-aqueous 
electrolyte cell or the electrolyte of the polymer cell are used lithium 
salts such as LiC10 4 , LiCF 3 S0 3 , LiAsF 6 , LiC 4 F 9 S0 3 , Li(CF 3 S0 2 )2N, 
Li(C 2 F 5 S02)2N, LiBF 4 , LiPF 6 and the like as a support salt for giving a 
sufficient conduction to the electrolyte and a solid electrolyte. 
DISCLOSURE OF THE INVENTION 

As mentioned above, the non-aqueous electrolyte cell has a 
merit that the energy density is high, while the polymer cell has merits 
that there is no fear of the electrolyte leakage and the assembling 
property onto the electronics device is good and the effective 
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utilization of spaces is possible, but the material for negative electrode 
in these non-aqueous electrolyte cell and polymer cell is the lithium 
metal or lithium alloy and is very high in the activity to water, so that 
there is a problem that when the sealing of the cell is incomplete and 
water penetrates thereinto or the like, the material for negative 
electrode reacts with water to generate hydrogen or cause ignition or 
the like and hence the risk becomes high. Also, since the lithium 
metal is low in the melting point (about 170°C), there is a problem 
that if a large current violently flows in the short-circuiting or the like, 
very risky states such as abnormal heat generation of the cell, fusion 
of the cell and the like are caused. Further, there is a problem that 
the non-aqueous electrolyte based on the organic solvent or the organic 
solvent in the electrolyte of the polymer cell is vaporized and 
decomposed accompanied with the heat generation of the above non- 
aqueous electrolyte cell and polymer cell to generate gas, or the 
explosion-ignition of the cell is caused by the generated gas. 

In addition, there is a problem that the support salt containing 
oxygen among the above conventional support salts releases oxygen in 
the heating-burning to promote the combustion of the cell. On the 
other hand, the support salt containing no oxygen such as LiBF 4 , LiPF 6 
or the like does not promote the combustion but is low in the effect of 
suppressing the combustion. In the electrolyte of the non-aqueous 
electrolyte cell and polymer cell using the above support salt, the risk 
of ignition and the like is still high. 

It is, therefore, an object of the invention to provide a 
support salt for the non-aqueous electrolyte cell and the polymer cell 
having a combustion suppressing^effect. Also, it is another object of 
the invention to provide a safety non-aqueous electrolyte cell using 
this support salt. Further, it is the other object of the invention to 
provide a safety polymer cell reducing the risk of ignition-firing by 
using the support salt. 

The inventors have made various studies in order to achieve 
the above objects and found that a compound having a phosphazene 
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derivative as a basic skeleton and containing lithium in its molecule is 
newly developed and such a compound is used as a support salt to 
provide safety non-aqueous electrolyte cell and polymer cell being low 
in the risk of ignition-firing because this compound has a combustion 
suppressing effect. 

That is, the invention is as follows. 
1. A support salt for a cell comprising a compound represented by 
the following formula (I) or (II): 




A 1 O 




(in the formulae (I) and (II), A 1 is independently NRLi or F, and at 
least one A 1 is NRLi, and R is a monovalent substituent). 

2. A support salt for a cell according to the item 1, wherein R in the 
formula (I) or (II) is a phenyl group. 

3. A method of producing a support salt for a cell, which comprises 
the steps of: 

(i) a step of reacting a phosphazene derivative represented by the 
following formula (III) with a primary amine represented by the 
following formula (IV) to produce a phosphazene derivative 
represented by the following formula (V); and 

(ii) a step of adding the phosphazene derivative of the formula 
(V) with a lithium alkoxide to produce a compound represented by the 
following equation (I): 
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(wherein A" is F or CI) 
R - NH 2 



(III) 



(IV) 



(wherein R is a monovalent substituent) 



N' 



•N 



(V) 



(wherein A 3 is independently NHR or F, and at least one A 3 is NHR, 
and R is a monovalent substituent) 
A* .A 1 



N" 



•N 



A* II | 



(i) 



(wherein A 1 is independently NRLi or F, and at least one A 1 is NRLi, 
and R is a monovalent substituent). 

4. A method of producing a support salt for a cell according to the 
item 3, wherein the primary amine of the formula (IV) is aniline. 

5. A method of producing a support salt for a cell, which comprises 
the steps of: 

(i) a step of reacting a phosphazene derivative represented by the 
following formula (VI) with a primary amine represented by the 
following formula (IV) to produce a phosphazene derivative 
represented by the following formula (VII); and 

(ii) a step of adding the phosphazene derivative of the formula 
(VII) with a lithium alkoxide to produce a compound represented by 
the following equation (II): 
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A 2 O 

,1 H 2 
A — P=N — P — A (VI) 

A 2 A 2 
(wherein A 2 is F or CI) 

R - NH 2 (IV) 

(wherein R is a monovalent substituent) 
A 3 O 

3 I II 3 

A 3 — P =N— P— A 3 ( vii) 

A 3 A 3 

(wherein A 3 is independently NHR or F, and at least one A 3 is NHR, 
and R is a monovalent substituent) 
A 1 O 

x J I' r 
A 1 p=N P A 1 (II) 

I, I, 

A 1 A 1 

(wherein A 1 is independently NRLi or F, and at least one A 1 is NRLi, 
and R is a monovalent substituent). 

6. A method of producing a support salt for a cell according to the 
item 5, wherein the primary amine of the formula (IV) is aniline. 

7. A non-aqueous electrolyte cell comprising a positive electrode, a 
negative electrode and a non-aqueous electrolyte comprising an aprotic 
organic solvent and a support salt described in the item 1. 

8. A non-aqueous electrolyte cell according to the item 7, wherein a 
phosphazene derivative or an isomer of a phosphazene derivative is 
added to the aprotic organic solvent. 

9. A non-aqueous electrolyte cell according to the item 8, wherein 
the phosphazene derivative has a viscosity at 25°C of not more than 
300 mPa-s (300 cP) and is represented by the following formula (VIII) 
or (IX): 

Y l R l 

R 2 Y 2 — P = N— X 1 



| (VIII) 
Y 3 R 3 
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(wherein R 1 , R 2 and R 3 are independently a monovalent substituent or 
a halogen element, and X 1 is a substituent containing at least one 
element selected from the group consisting of carbon, silicon, 

germanium, tin, nitrogen, phosphorus, arsenic, antimony, bismuth, 

l *y 3 

oxygen, sulfur, selenium, tellurium and polonium, and Y , Y" and Y 
are independently a bivalent connecting group, a bivalent element or a 
single bond) 

(NPR 4 2 ) n •••••• (IX) 

(wherein R 4 is independently a monovalent substituent or a halogen 
element, and n is 3-15). 

10. Anon-aqueous electrolyte cell according to the item 9, wherein 
the phosphazene derivative of the formula (IX) is represented by the 
following formula (X): 

(NPF 2 ) n (X) 

(wherein n is 3-13). 

11. A non-aqueous electrolyte cell according to the item 9, wherein 
the phosphazene derivative of the formula (IX) is represented by the 
following formula (XI): 

(NPR 5 2 ) n (XI) 

(wherein R 5 is independently a monovalent substituent or fluorine, and 
at least one of all R 5 s is a fluorine containing monovalent substituent 
or fluorine, and n is 3-8, provided that all of R 5 s are not fluorine). 

12. A non-aqueous electrolyte cell according to the item 8, wherein 
the phosphazene derivative is a solid at 25°C and is represented by the 
following formula (XII): 

(NPR 6 2 )n (XII) 
(wherein R 6 is independently a monovalent substituent or a halogen 
element, and n is 3-6). 

13. A non-aqueous electrolyte cell according to the item 8, wherein 
the isomer of the phosphazene derivative is represented by the 
following formula (XIII) and is an isomer of a phosphazene derivative 
represented by the following formula (XIV): 
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O R 9 

R 7 Y 7 _p— i_x 2 (XIII) 
"a s 

Y 8 R 8 
OR 9 

R 7 Y 7 — P = N— X 2 (XIV) 

K 8 
Y 8 R 

(in the formulae (XIII) and (XIV), R 7 , R 8 and R 9 are independently a 
monovalent substituent or a halogen element, and X 2 is a substituent 
containing at least one element selected from the group consisting of 
carbon, silicon, germanium, tin, nitrogen, phosphorus, arsenic, 
antimony, bismuth, oxygen, sulfur, selenium, tellurium and polonium, 
and Y 7 and Y 8 are independently a bivalent connecting group, a 
bivalent element or a single bond). 

14. A polymer cell comprising a positive electrode, a negative 
electrode, an electrolyte comprising a support salt described in the 
item 1 and a polymer. 

15. A polymer cell according to the item 14, wherein the polymer is 
at least one of polyethylene oxide, polyacrylate and polypropylene 
oxide. 

16. A polymer cell according to the item 14 or 15, wherein the 
polymer has a weight average molecular weight of not less than 10000. 

17. A polymer cell according to the item 16, wherein the weight 
average molecular weight of the polymer is not less than 5000000. 

18. A polymer cell according to any one of the items 14-18, wherein 
the phosphazene derivative has a viscosity at 25°C of not more than 
300 mPa-s (300 cP) and is represented by the following formula (VIII) 
or (IX): 

Y^ 1 

r 2 Y 2 p = N X 1 (VIII) 

Y 3 R 3 
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(wherein R 1 , R 2 and R 3 are independently a monovalent substituent or a 
halogen element, and X 1 is a substituent containing at least one element 
selected from the group consisting of carbon, silicon, germanium, tin, 
nitrogen, phosphorus, arsenic, antimony, bismuth, oxygen, sulfur, 
selenium, tellurium and polonium, and Y 1 , Y 2 and Y 3 are independently 
a bivalent connecting group, a bivalent element or a single bond) 

(NPR 4 2 ) n (IX) 

(wherein R 4 is independently a monovalent substituent or a halogen 
element, and n is 3-15). 

21. A polymer cell according to the item 20, wherein the phosphazene 
derivative of the formula (IX) is represented by the following formula 

(X) : 

(NPF 2 ) n (X) 

(wherein n is 3-13). 

22. A polymer cell according to the item 20, wherein the phosphazene 
derivative of the formula (IX) is represented by the following formula 

(XI) : 

(NPR 5 2 ) n (XI) 

(wherein R 5 is independently a monovalent substituent or fluorine, and 
at least one of all R 5 s is a fluorine containing monovalent substituent 
or fluorine, and n is 3-8, provided that all of R 5 s are not fluorine). 

23. A polymer cell according to the item 19, wherein the phosphazene 
derivative is a solid at 25°C and is represented by the following 
formula (XII): 

(NPR 6 2 ) n (XII) 

(wherein R 6 is independently a monovalent substituent or a halogen 
element, and n is 3-6). 

24. A polymer cell according to the item 19, wherein the isomer of 
the phosphazene derivative is represented by the following formula 
(XIII) and is an isomer of a phosphazene derivative represented by the 
following formula (XIV): 
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O R 9 
R 7 Y 7 _ P _iij_X 2 



(XIII) 



Y 8 R 8 
OR 9 

R 7 Y 7 — P = N— X 2 



(XIV) 



y 8 R 8 



(in the formulae (XIII) and (XIV), R 7 , R 8 and R 9 are independently a 
monovalent substituent or a halogen element, and X" is a substituent 
containing at least one element selected from the group consisting of 
carbon, silicon, germanium, tin, nitrogen, phosphorus, arsenic, 
antimony, bismuth, oxygen, sulfur, selenium, tellurium and polonium, 
and Y 7 and Y 8 are independently a bivalent connecting group, a 
bivalent element or a single bond). 

25. A polymer cell according to any one of the items 19-24, wherein a 
total content of the phosphazene derivative and the isomer of the 
phosphazene derivative in the electrolyte is at least 0.5% by mass. 

26. A polymer cell according to the item 25, wherein the total content 
of the phosphazene derivative and the isomer of the phosphazene 
derivative in the electrolyte is at least 2.5% by mass. 



comprises a compound represented by the following formula (I) or (II): 



BEST MODE FOR CARRYING OUT THE INVENTION 



The invention will be described in detail below. 



<Support salt for cell> 

The support salt for the cell according to the invention 




i 



(i) 





A 1 — P = 



(II) 



A 1 



A 1 



- 10- 
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(in the formulae (I) and (II), A 1 is independently NRLi or F, and at 
least one A 1 is NRLi, and R is a monovalent substituent). 

As the monovalent substituent in R of the formulae (I) and 
(II) are mentioned an alkyl group, an aryl group and the like. Among 
them, a phenyl group, particularly a phenyl group containing an 
electron absorbing group, or methyl group is preferable from a 
viewpoint of the reactivity. 

The compound represented by the formula (I) or (II) contains 
lithium in its molecule and is dissolved in an aprotic organic solvent 
mentioned later to release lithium ion, so that it functions as an ion 
source of lithium ion and can improve the conductivity of an 
electrolyte. Also, the above compound has a phosphazene derivative 
as a basic skeleton, so that it has an action of suppressing combustion. 

In the formula (I) or (II), the support salt in which at least 
one of all A 1 s is F is high in the action of suppressing the combustion 
of the electrolyte as compared with the support salt containing no 
fluorine. Moreover, the action of suppressing the combustion increases 
as the number of fluorine contained in the support salt increases. 
<Production method of support salt for cell> 

The support salt for the cell according to the invention can be 
produced by the following method. At first, a phosphazene derivative 
represented by the following formula (III) or (VI) is reacted with a 
primary amine represented by the following formula (IV) to produce a 
phosphazene derivative represented by the following formula (V) or 
(VII) at a first step. 




(Ill) 



- 11 - 
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A 2 



I 



O 



A 2 — p=N — P — A 2 



I, 

A 2 



I, 

A 2 



(VI) 



(in the formulae (III) and (VI), A" is F or CI) 

R - NH 2 (IV) 
(wherein R is a monovalent substituent) 

.A 3 



A 3 
N' 

^P- 

1= 



N 



.A 3 



(V) 



A 



A J O 

3 I H 3 

A — p=N — P A 3 (vil) 

A 3 A 3 

(in the formulae (V) and (VII), A 3 is independently NHR or F, and at 
least one A 3 is NHR, and R is a monovalent substituent). 

As the monovalent substituent in R of the formulae (IV), (V) 
and (VII) are mentioned the same ones as described in the monovalent 
substituent of the formulae (I) and (II). Similarly, phenyl group or 
methyl group is preferable from a viewpoint of the reactivity. 

In the formulae (III) and (VI), when all A 2 s are F, the 
number of amino groups to be introduced can be changed by varying 
the amount of the primary amine of the formula (IV) used. The amount 
of the primary amine of the formula (VI) used is suitable to be 
1.5-2 times the substitution number of amino group to be introduced. 
For example, the primary amine is used in an amount of 1.5-2.0 mol 
per 1 mol of the phosphazene derivative of the formula (III) or (VI) in 
case of one amino substitution, 3.0-4.0 mol in case of two substitution, 
or 4.5-6.0 mol in case of three substitution. In the first step, the 
reaction can be promoted by adding a carbonate of an alkali metal such 
as potassium carbonate, sodium carbonate or the like. The amount of 
the alkali metal carbonate used is preferable to be 1.2-3 times mol of 
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the amine used. The alkali metal carbonate has an action of 
neutralizing HF or HC1 produced by the reaction and preventing 
acidification of the system. If the system becomes acidic, the yield 
lowers and there is caused a bad influence such as progress of side- 
reaction or the like. 

The phosphazene derivative in which all A~s in the formulae 
(III) and (VI) are F is obtained by reacting the phosphazene derivative 
in which all A 2 s in the formulae (III) and (VI) are CI with a fluorinat- 
ing agent. As the fluorinating agent are mentioned alkali fluorides 
such as NaF, KF and the like, in which NaF is preferable in a point that 
it is cheap, but there is no problem on the use of KF in performance. 
The amount of the fluorinating agent used is 7 mol per 1 mol of the 
phosphazene derivative of the formula (III), and 6 mol per 1 mol of the 
phosphazene derivative of the formula (VI), but the amount used 
somewhat increases or decreases in accordance with the reaction 
conditions. As the amount becomes too large, it tends to lower the 
yield, while as the amount becomes too small, the fluorination may not 
be partly conducted. The inventors have made various studies and 
found that it is preferable to use the alkali fluoride in an amount of 
6.5-8 mol on the phosphazene derivative of the formula (III) or 
5.4-6.8 mol on the phosphazene derivative of the formula (VI). 

Considering that a boiling point of the phosphazene 
derivative in which all A 2 s in the formula (III) is 51°C and a boiling 
point of the phosphazene derivative in which all A~s in the formula 
(VI) is 97°C and further the fluorination reaction is an exothermic 
reaction, the fluorination reaction is preferable to be carried out in 
acetonitrile while refluxing at 60-80°C in case of the phosphazene 
derivative of the formula (III) or at about 90°C in case of the 
phosphazene derivative of the formula (VI). The amount of 
acetonitrile used is 100-1000 mL per 1 mol of the phosphazene 
derivative of the formula (III) or (VI). However, this solvent amount 
is a mere indication, and since the reaction is a solid-liquid reaction, 
the amount is sufficient to cause no precipitation of solid through the 
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stirring. These phosphazene derivatives can be purified by distilling 
in the vicinity of the respective boiling points. Moreover, when a 
solvent recovered by filtering a salt by-produced through the fluorina- 
tion reaction such as NaCl or the like from a solution of removing the 
phosphazene derivative through distillation is recycled in the fluorina- 
tion reaction, the reaction rate becomes faster than the use of new 
solvent because a small amount of the phosphazene derivative not 
removed by the distillation is retained in the solvent and such a 
phosphazene derivative form a nucleus of the fluorination reaction. 

In case of producing the phosphazene derivative in which all 
A 3 s in the formulae (V) and (VII) are NHR, it is preferable to use the 
phosphazene derivative in which all A 2 s in the formulae (III) and (VI) 
are CI. In this case, the above fluorination reaction step can be 
omitted, and a target compound is obtained in a lower cost. In case 
of producing the phosphazene derivative in which all A 3 s in the 
formula (V) are NHR, the amount of the primary amine used os 
preferable to be 9 mol per 1 mol of the phosphazene derivative of the 
formula (III), while in case of producing the phosphazene derivative in 
which all A s in the formula (VII) are NHR, the amount of the primary 
amine used is preferable to be 7.5 mol per 1 mol of the phosphazene 
derivative of the formula (VI). 

The first step is carried out in a solvent. As the solvent are 
mentioned polar solvent such as tetrahydrofuran (THF), N,N- 
dimethylformamide, acetonitrile and the like, and non-polar solvents 
such as hexane and the like. When the number of amino group to be 
introduced is large, the use of the polar solvent is preferable because 
the target product can be synthesized in a high yield, while when the 
number of amino group to be introduced is small, the use of the non- 
polar solvent is preferable because the target product can be synthesized 
in a high yield. The amount of the solvent used is preferable to be 
100-1000 mL per 1 mol of the phosphazene derivative of the formula 
(III) or (VI). Moreover, the solvent used can be again used after the 
recovery. As a merit of the recycling, there are mentioned 
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environment-friendliness, fast proceed of the reaction and the like. 

In order to promote the reaction of the phosphazene 
derivative of the formula (III) or (VI) with the primary amine of the 
formula (IV), it is necessary to conduct the heating at a start of the 
reaction. The heating temperature is preferable to be 50-80°C. 
Once the reaction starts, it is desirable that the reaction is controlled 
to hold at about 60°C because it is an exothermic reaction. As a 
heating time, a time of sufficiently proceeding the reaction is properly 
selected with the above heating time in mind. For example, when 
THF is used as a solvent, it is preferable that the reaction is carried 
out at about 60°C for about 10 hours. After the completion of the 
reaction, the reaction liquid is aged for about 1 day and thereafter 
hydrogen fluoride or hydrochloric acid produced by the above reaction 
is removed from the reaction system. Also, a fluoride salt or chloride 
salt of the primary amine precipitated is filtered. 

In the second step, a lithium alkoxide is added to the 
phosphazene derivative of the formula (V) or (VII) to produce a 
compound represented by the formula (I) or (II). 

As the lithium alkoxide are mentioned lithium methoxide, 
lithium ethoxide and the like. Among them, lithium methoxide is 
preferable because the reactivity is high. The amount of the lithium 
alkoxide used is preferable to be 1.5-12 mol per 1 mol of the 
phosphazene derivative of the formula (V) or (VII). This amount is 
properly selected with respect to the lithium substitution number to be 
targeted and is preferable to be 1.5-2 equivalent times the substitution 
number. 

Moreover, the second step is an exothermic reaction, so that 
it is preferable to conduct the reaction while maintaining the temper- 
ature of the reaction system at 20-50°C. 

After the completion of the reaction between the phosphazene 
derivative of the formula (V) or (VII) and the lithium alkoxide, the 
compound represented by the formula (I) or (II) can be isolated, for 
example, by a recrystallization method. 
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<Non-aqueous electrolyte cell> 

The non-aqueous electrolyte cell of the invention comprises 
a positive electrode, a negative electrode and an electrolyte comprising 
an aprotic organic solvent and the aforementioned support salt, and is 
provided with members usually used in the technical field of the non- 
aqueous electrolyte cell such as separator and the like, if necessary. 
-Positive electrode- 

The materials for positive electrode in the non-aqueous 
electrolyte cell of the invention partly differ between the primary cell 
and the secondary cell. For example, as a positive electrode for the 
non-aqueous electrolyte primary cell are preferably mentioned graphite 
fluoride ((CF x ) n ), Mn0 2 (which may be synthesized electrochemically 
or chemically), V 2 0 5 , M0O3, Ag 2 Cr0 4 , CuO, CuS, FeS 2 , S0 2 , SOCl 2 , 
TiS 2 and the like. Among them, Mn0 2 , V9O5 and graphite fluoride are 
preferable because they are high in the capacity, good in the safety, high 
in the discharge potential and excellent in the wettability to the electro- 
lyte, and MnO? and V2O5 are more preferable in a point of the cost. 
These materials may be used alone or in a combination of two or more. 

As a positive electrode for the non-aqueous electrolyte 
secondary cell are preferably mentioned metal oxides such as V2O5, 
V 6 Oi3, Mn0 2 , Mn0 3 and the like; lithium-containing composite oxides 
such as LiCo0 2? LiNiO?, LiMn 2 C>4, LiFeO?, LiFePCU and the like; 
metal sulfides such as TiS 2 , MoS 2 and the like; electrically conductive 
polymers such as polyaniline and the like. The lithium-containing 
composite oxide may be a composite oxide containing two or three 
transition metals selected from the group consisting of Fe, Mn, Co and 
Ni. In the latter case, the composite oxide is represented by 
LiFe x COyNi(i_ x .y)0 2 (wherein 0=sx<l, 0<;y<l, 0<x + y<;l), LiMn x Fe y 0 2 . x . y 
or the like. Among them, LiCo0 2 , LiNi0 2 , LiMn 2 0 4 are particularly 
preferable because they are high in the capacity, high in the safety and 
excellent in the wettability to the electrolyte. These materials may be 
used alone or in a combination of two or more. 

The positive electrode may be mixed with an electrically 
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conducting agent and a binding agent, if necessary. As the electrically 
conducting agent are mentioned acetylene black and the like, and as the 
binding agent are mentioned polyvinylidene fluoride (PVDF), polytetra- 
fluoroethylene (PTFE) and the like. In case of using these additives, 
they may be compounded in the same compounding ratio as in the 
conventional case, for example, positive electrode materialielectrically 
conducting agent:binding agent = 8:1:1-8:1:0.2 (mass ratio). 

The form of the positive electrode is not particularly limited 
and can be properly selected from the well-known forms as the 
electrode. For example, there are mentioned a sheet form, a column 
form, a plate form, a spiral form and the like. 
-Negative electrode- 

The materials for negative electrode in the non-aqueous 
electrolyte cell of the invention partly differ between the primary cell 
and the secondary cell. For example, as a negative electrode for the 
non-aqueous electrolyte primary cell are mentioned lithium metal 
itself, lithium alloys and the like. As a metal to be alloyed with 
lithium are mentioned Sn, Pb, Al, Au, Pt, In, Zn, Cd, Ag, Mg and the 
like. Among them, Al, Zn and Mg are preferable from a viewpoint of 
a greater amount of deposit and toxicity. These materials may be 
used alone or in a combination of two or more. 

As a negative electrode for the non-aqueous electrolyte 
secondary cell are preferably mentioned lithium metal itself, an alloy 
of lithium with Al, In, Pb, Zn or the like, a carbonaceous material such 
as graphite doped with lithium, and the like. Among them, the 
carbonaceous material such as graphite or the like is preferable in a 
point that the safety is higher. These materials may be used alone or 
in a combination of two or more. 

The form of the negative electrode is not particularly limited 
and may be properly selected from the well-known forms likewise the 
form of the positive electrode. 
-Non-aqueous electrolyte- 

The electrolyte for the non-aqueous electrolyte cell of the 
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invention comprises an aprotic organic solvent and the aforementioned 
support salt. Heretofore, in the electrolyte based on the aprotic 
organic solvent has been caused a problem in the safety as previously 
mentioned. However, the electrolyte comprising the support salt of 
the invention and the aprotic organic solvent suppresses the 
vaporization-decomposition at a relatively low temperature of not 
higher than about 200°C and reduces the risk of ignition-firing because 
the support salt is the compound having the phosphazene derivative as 
the basic skeleton and has an action of suppressing the combustion. 
Also, even if ignition is caused inside the cell through the fusion of 
the negative electrode material or the like, the risk of catching fire is 
low. Furthermore, since phosphorus has an action of suppressing the 
chain decomposition of a high molecular weight material constituting 
the cell, the risk of ignition-firing is effectively reduced. 

The electrolyte added with the support salt is preferable to 
have a limit oxygen index of not less than 21 volume%. When the 
limit oxygen index is less than 21 volume%, the effect of suppressing 
the ignition-firing may be insufficient. The term "limit oxygen index" 
used herein means a value of a minimum oxygen concentration 
required for maintaining the combustion of the material under given 
test conditions defined in JIS K7201 and represented by volume 
percentage, in which the lower the limit oxygen index, the higher the 
risk of ignition-firing and inversely the higher the limit oxygen index, 
the lower the risk of ignition-firing. In the invention, the risk of 
ignition-firing is evaluated by the measurement of the limit oxygen 
index according to JIS K7201. 

Since the limit oxygen index under an atmosphere condition 
corresponds to 20.2 volume%, the limit oxygen index of 20.2 volume% 
means that combustion occurs in the atmosphere. The inventors have 
made various studies and found that the self-extinguishing property is 
developed at the limit oxygen index of not less than 21% by volume, 
and the flame retardance is developed at not less than 23% by volume, 
and the incombustibility is developed at not less than 25% by volume. 
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Moreover, the terms "self-extinguishing property, flame retardance, 
incombustibility" used herein are defined in the method according to 
UL 94HB method, wherein when a test piece of 127 mm x 12.7 mm is 
prepared by impregnating 1.0 raL of an electrolyte into an in- 
combustible quartz fiber and is ignited under atmospheric environment, 
the self-extinguishing property indicates a case that the ignited flame 
is extinguished in a line between 25 mm and 100 mm and an object 
fallen down from a net is not fired, and the flame retardance indicates 
a case that the ignited flame does not arrive at a line of 25 mm of the 
apparatus and the object fallen down from the net is not fired, and the 
incombustibility indicates a case that no ignition is observed 
(combustion length: 0 mm). 
-Aprotic organic solvent- 

The aprotic organic solvent constituting the electrolyte in the 
non-aqueous electrolyte cell of the invention does not react with lithium 
or lithium alloy used in the negative electrode. The aprotic organic 
solvent is not particularly limited, but includes ether compounds, ester 
compounds and so on from a view point that the viscosity of the elec- 
trolyte is controlled to a low value. Concretely, there are preferably 
mentioned 1,2-dimethoxyethane (DME), tetrahydrofuran, dimethyl 
carbonate, diethyl carbonate (DEC), diphenyl carbonate, ethylene 
carbonate (EC), propylene carbonate (PC), y-butyrolactone (GBL), y- 
valerolactone, methylethyl carbonate, ethylmethyl carbonate and so on. 

Among them, cyclic ester compounds such as propylene 
carbonate, y-butyrolactone and the like, chain ester compounds such as 
dimethyl carbonate, methylethyl carbonate and the like, and chain 
ether compounds such as 1,2-dimethoxyethane and the like are 
preferable in case of using in the non-aqueous electrolyte primary cell, 
while cyclic ester compounds such as ethylene carbonate, propylene 
carbonate, y-butyrolactone and the like, chain ester compounds such as 
dimethyl carbonate, ethylmethyl carbonate, diethyl carbonate and the 
like, and chain ether compounds such as 1,2-dimethoxyethane and the 
like are preferable in case of using in the non-aqueous electrolyte 
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secondary cell. The cyclic ester compound is preferable in a point 
that the dielectric constant is high and the solubility to the afore- 
mentioned support salt is excellent, and the chain ester compound and 
ether compound are preferable in a point that the viscosity is low and 
hence the viscosity of the electrolyte is made low. They may be used 
alone or in a combination of two or more. 

The content of the support salt in the electrolyte is preferably 
0.1-1 mol, more preferably 0.2-1 mol per 1 L of the aprotic organic 
solvent. When the content is less than 0.1 mol, the sufficient electric 
conduction of the electrolyte can not be ensured, and hence troubles 
may be caused in the discharge characteristics of the cell, while when 
it exceeds 1 mol, the viscosity of the non-aqueous electrolyte rises and 
the sufficient mobility of lithium ion can not be ensured, and hence the 
sufficient electric conduction of the electrolyte can not be ensured 
likewise the above case and as a result, the solution resistance rises 
and troubles may be caused in the discharge characteristics of the 
primary cell or in the discharge-recharge characteristics of the 
secondary cell. 

-Phosphazene derivative and isomer of phosphazene derivative- 

The aprotic organic solvent is preferable to be added with a 
phosphazene derivative and/or an isomer of a phosphazene derivative. 
By using the above support salt having a combustion suppressing action 
can be lowered the risk of ignition-firing of the cell, while such a risk 
can be further lowered by adding the phosphazene derivative and/or 
the isomer of the phosphazene derivative to the aprotic organic solvent. 

The phosphazene derivative and the isomer of the 
phosphazene derivative lower the risk of ignition-firing of the cell by 
the same reasons as in the support salt. Further, the phosphazene 
derivative and the isomer of the phosphazene derivative containing a 
halogen (e.g. fluorine) acts as an agent for catching active radical even 
in an accidental combustion, and the phosphazene derivative and the 
isomer of the phosphazene derivative having an organic substituent(s) 
has an effect of shielding oxygen because a carbide (char) is produced 
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on the electrode material and the separator in the combustion. 
In addition, the phosphazene derivative and the isomer of the 
phosphazene derivative has an effect of suppressing the formation of 
dendrite even in the recharging, so that the safety becomes higher as 
compared with the system of no addition. 

The phosphazene derivative added to the aprotic organic 
solvent is not particularly limited. However, the phosphazene deriva- 
tive having a viscosity at 25°C of not more than 300 mPa • s (300 cP) 
and represented by the following formula (VIII) or (IX) is preferable 
from a viewpoint that the viscosity is relatively low and the support 
salt is well dissolved. Among such phosphazene derivatives, a 
phosphazene derivative having a viscosity of not more than 5 mPa-s is 
most preferable. 

R 2 Y 2 — |> = N X 1 

| (VIII) 

y 3 R 3 

(wherein R 1 , R 2 and R 3 are independently a monovalent substituent or 
a halogen element, and X 1 is a substituent containing at least one 
element selected from the group consisting of carbon, silicon, 
germanium, tin, nitrogen, phosphorus, arsenic, antimony, bismuth, 

12 3 

oxygen, sulfur, selenium, tellurium and polonium, and Y , Y" and Y 
are independently a bivalent connecting group, a bivalent element or a 
single bond) 

(NPR 4 2 ) n (IX) 

(wherein R 4 is independently a monovalent substituent or a halogen 
element, and n is 3-15) 

The viscosity at 25°C of the phosphazene derivative 
represented by the formula (VIII) or (IX) is required to be not more 
than 300 mPa-s, and is preferably not more than 100 mPa-s (100 cP), 
further preferably not more than 5 mPa*s (5 cP). In case of using in 
the non-aqueous electrolyte primary cell, the viscosity is particularly 
preferable to be not more than 20 mPa • s (20 cP), and further preferably 
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not more than 5 mPa • s (5 cP). When the viscosity is more than 
300 mPa-s (300 cP), the support salt is hardly dissolved, and the 
wettability to the positive electrode material, separator and the like 
lowers, and the ion electric conduction is considerably lowered by the 
increase of the viscous resistance of the electrolyte and particularly 
performances are lacking in the use under a lower temperature 
condition of not higher than freezing point or the like. 

In the formula (VIII), R 1 , R 2 and R 3 are not particularly 
limited unless they are a monovalent substituent or a halogen element. 
As the monovalent substituent are mentioned an alkoxy group, an alkyl 
group, a carboxyl group, an acyl group, an aryl group and the like. 
Among them, the alkoxy group is preferable in a point that the viscosity 
is low and the viscosity of the electrolyte is made low. On the other 
hand, as the halogen element are preferably mentioned fluorine, 
chlorine, bromine and the like. All of R x -R 3 may be the same kind of 
the substituent, or some of them may be different kinds of substituents. 

As the alkoxy group are mentioned methoxy group, ethoxy 
group, propoxy group, butoxy group, and an alkoxy-substituted alkoxy 
group such as methoxyethoxy group, methoxyethoxyethoxy group and 
the like. Among them, all of R1-R3 are preferable to be methoxy 
group, ethoxy group, methoxyethoxy group or methoxyethoxyethoxy 
group, and particularly methoxy group or ethoxy group is preferable 
from a viewpoint of low viscosity and high dielectric constant. 

As the alkyl group are mentioned methyl group, ethyl group, 
propyl group, butyl group, pentyl group and the like. As the acyl group 
are mentioned formyl group, acetyl group, propionyl group, butylyl 
group, isobutylyl group, valeryl group and the like. As the aryl group 
are mentioned phenyl group, tolyl group, naphthyl group and the like. 

In these monovalent substituents, a hydrogen element is 
preferable to be substituted with a halogen element. As the halogen 
element, fluorine, chlorine and bromine are preferable, and among 
them fluorine is particularly preferable and chlorine is next preferable. 
The monovalent substituent in which a hydrogen element is substituted 
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with fluorine tends to be large in the effect of improving the cycle 
characteristic of the secondary cell as compared with the chlorine 
substitution. 

As the bivalent connecting group shown by Y 1 , Y 2 and Y 3 of 
the formula (VIII) are mentioned CH? group and a bivalent connecting 
group containing at least one element selected from the group consisting 
of oxygen, sulfur, selenium, nitrogen, boron, aluminum, scandium, 
gallium, yttrium, indium, lanthanum, thallium, carbon, silicon, titanium, 
tin, germanium, zirconium, lead, phosphorus, vanadium, arsenic, 
niobium, antimony, tantalum, bismuth, chromium, molybdenum, 
tellurium, polonium, tungsten, iron, cobalt and nickel. Among them, 
CH2 group and the bivalent connecting group containing at least one 
element selected from the group consisting of oxygen, sulfur, selenium 

and nitrogen are preferable, and the bivalent connecting group contain- 

1 "? 

ing sulfur and/or selenium is particularly preferable. Also, Y , Y" 
and Y 3 may be a bivalent element such as oxygen, sulfur, selenium or 
the like, or a single bond. All of Y x -Y 3 may the same kind, or some 
of them may be different kinds from each other. 

In the formula (VIII), X 1 is preferable to be a substituent 
containing at least one element selected from the group consisting of 
carbon, silicon, nitrogen, oxygen and sulfur from a viewpoint of the 
harmfulness, environment-friendliness and the like. Among these 
substituents, a substituent having a structure shown by the following 
formula (XV), (XVI) or (XVII) is more preferable. 

yl0 R 10 

— P— Z 1 (XV) 

Y U R U 
O 

_|_ Y 12 R 12 (XVI) 
II 

o 
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Y 13 R 13 

/ 

N (XVII) 

\ 14 R 14 

(In the formulae (XV), (XVI) and (XVII), R 10 -R 14 are independently a 
monovalent substituent or a halogen element, and Y 10 -Y 14 are 
independently a bivalent connecting group, a bivalent element or a 
single bond, and Z 1 is a bivalent group or a bivalent element.) 

As R 10 -R 14 in the formulae (XV), (XVI) and (XVII) are preferably 
mentioned the same monovalent substituents or halogen elements as 
described in R*-R 3 of the formula (VIII). Also, they may be the same 
kind in the same substituent, or some of them may be different kinds 
from each other. R 10 and R u in the formula (XV), and R 13 and R 14 in 
the formula (XVII) may be bonded with each other to form a ring. 

As the group shown by Y 10 -Y 14 in the formulae (XV), (XVI) 
and (XVII) are mentioned the same bivalent connecting groups, 
bivalent elements or the like as described in Y 1 -Y 3 of the formula 
(VIII). Similarly, the group containing sulfur and/or selenium is 
particularly preferable because the risk of ignition-firing of the 
electrolyte is reduced. They may be the same kind in the same 
substituent, or some of them may be different kinds from each other. 

As Z 1 in the formula (XV) are mentioned CH 2 group, CHR' 
group (R J is an alkyl group, an alkoxyl group, a phenyl group or the 
like, and so forth on), NR' group, and a bivalent group containing at 
least one element selected from the group consisting of oxygen, sulfur, 
selenium, boron, aluminum, scandium, gallium, yttrium, indium, 
lanthanum, thallium, carbon, silicon, titanium, tin, germanium, 
zirconium, lead, phosphorus, vanadium, arsenic, niobium, antimony, 
tantalum, bismuth, chromium, molybdenum, tellurium, polonium, 
tungsten, iron, cobalt and nickel. Among them, CH 2 group, CHR' 
group, NR' group and the bivalent group containing at least one 
element selected from the group consisting of oxygen, sulfur and 
selenium are preferable. Particularly, the group containing sulfur 
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and/or selenium is preferable because the risk of ignition-firing of the 
electrolyte is reduced. Also, Z 1 may be a bivalent element such as 
oxygen, sulfur, selenium or the like. 

Among such substituents, a phosphorus-containing 
substituent as shown by the formula (XV) is particularly preferable in 
a point that the risk of ignition-firing can be effectively reduced. 
Also, when the substituent is a sulfur-containing substituent as shown 
by the formula (XVI), it is particularly preferable in a point that the 
interfacial resistance of the electrolyte is made small. 

In the formula (IX), R 4 is not particularly limited unless it is 
a monovalent substituent or a halogen element. As the monovalent 
substituent are mentioned an alkoxy group, an alkyl group, a carboxyl 
group, an acyl group, an aryl group and the like. Among them, the 
alkoxy group is preferable in a point that the viscosity of the 
electrolyte can be made low. As the halogen element are preferably 
mentioned fluorine, chlorine, bromine and the like. As the alkoxy 
group are mentioned methoxy group, ethoxy group, methoxyethoxy 
group, propoxy group, phenoxy group and the like. Among them, 
methoxy group, ethoxy group, n-propoxy group, phenoxy group are 
particularly preferable in case of using in the non-aqueous electrolyte 
primary cell, while methoxy group, ethoxy group, methoxyethoxy 
group and phenoxy group are particularly preferable in case of using in 
the non-aqueous electrolyte secondary cell. In these monovalent 
substituents, a hydrogen element is preferable to be substituted with a 
halogen element. As the halogen element are preferably mentioned 
fluorine, chlorine, bromine and the like. As a substituent substituted 
with fluorine is mentioned, for example, trifluoroethoxy group. 

It is possible to prepare an electrolyte having a more 
preferable viscosity, a solubility suitable for addition and mixing and 
the like by properly selecting R^R 4 , R 10 -R 14 , Y*-Y 3 , Y 10 -Y 14 and Z 1 in 
the formulae (VIII), (IX), (XV)-(XVII). These phosphazene 
derivatives may be used alone or in a combination of two or more. 

Among the phosphazene derivatives of the formula (IX), a 
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phosphazene derivative represented by the following formula (X) is 
particularly preferable from a viewpoint that the viscosity of the 
electrolyte is made low to improve the low-temperature characteristic 
of the cell and further improve the safety of the electrolyte: 

(NPF 2 ) n (X) 

(wherein n is 3-13). 

The phosphazene derivative of the formula (X) is a low 
viscosity liquid at room temperature (25°C) and has an action of 
lowering a freezing point. By adding this phosphazene derivative to 
the electrolyte, it is made possible to give excellent low-temperature 
characteristic to the electrolyte, and also it is attained to make the 
viscosity of the electrolyte low, and there can be provided a non- 
aqueous electrolyte cell having a low internal resistance and a high 
electric conductivity. Therefore, it is possible to provide a non- 
aqueous electrolyte cell developing an excellent discharge 
characteristic over a long time even if it is particularly used under a 
low-temperature condition in low-temperature areas or season. 

In the formula (X), n is preferably 3-4, more preferably 3 in 
a point that the excellent low-temperature characteristic can be given 
to the electrolyte and the viscosity of the electrolyte cam be made low. 
When the value of n is small, the boiling point is low and a property of 
preventing ignition in the approaching to a flame can be improved. 
While, as the value of n becomes large, the boiling point becomes high 
and the electrolyte can be stably used even at a high temperature. 
In order to obtain target performances utilizing the above nature, it is 
possible to properly select and use plural phosphazene derivatives. 

By properly selecting the value of n in the formula (X), it is 
possible to prepare an electrolyte having a more preferable viscosity, a 
solubility suitable for mixing, a low-temperature characteristic and the 
like. These phosphazene derivatives may be used alone or in a 
combination of two or more. 

The viscosity of the phosphazene derivative of the formula 
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(X) is not particularly limited unless it is not more than 20 mPa • s 
(20 cP), but it is preferably not more than 10 mPa • s (10 cP), more 
preferably not more than 5 mPa * s (5 cP) from a viewpoint of the 
improvements of the electric conduction and low-temperature 
characteristic. Moreover, the viscosity according to the invention is 
determined by using a viscosity measuring meter (R-type viscometer 
Model RE500-SL, made by Toki Sangyo Co., Ltd.) and conducting the 
measurement at each revolution rate of 1 rpm, 2 rpm, 3 rpm, 5 rpm, 
7 rpm, 10 rpm, 20 rpm and 50 rpm for 120 seconds to measure a 
viscosity under the revolution rate when an indication value is 50-60% 
as an analytical condition. 

Among the phosphazene derivatives of the formula (IX), a 
phosphazene derivative represented by the following formula (XI) is 
particularly preferable from a viewpoint that the safety of the 
electrolyte is improved: 

(NPR 5 2 ) n (XI) 

(wherein R 5 is independently a monovalent substituent or a halogen 
element, and at least one of all R 5 s a fluorine-containing monovalent 
substituent or a fluorine, and n is 3-8, provided that all R 5 s are not 
fluorine). 

When the phosphazene derivative of the formula (XI) is 
included, the excellent self-extinguishing property or flame retardance 
can be given to the electrolyte to improve the safety of the electrolyte. 
When using a phosphazene derivative of the formula (XI) in which at 
least one of all R 5 s is a fluorine-containing monovalent substituent, it 
is possible to give a more excellent safety to the electrolyte. When 
using a phosphazene derivative of the formula (XI) in which at least 
one of all R 5 s is fluorine, it is possible to give a further excellent 
safety. That is, the phosphazene derivative of the formula (XI) in 
which at least one of all R 5 s is a fluorine-containing monovalent 
substituent or fluorine has an effect of hardly burning the electrolyte 
as compared with the phosphazene derivative containing no fluorine, 
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and a further excellent safety can be given to the electrolyte. 

Moreover, the cyclic phosphazene derivative of the formula 
(XI), in which all R 5 s are fluorine and n is 3, is incombustible and has 
a large effect of preventing ignition in the approaching to the flame, 
but the boiling point is very low, and if it is completely vaporized, the 
remaining aprotic organic solvent or the like is burnt out. 

As the monovalent substituent in the formula (XI) are 
mentioned an alkoxy group, an alkyl group, an acyl group, an aryl 
group, a carboxyl group and the like, and the alkoxy group is 
preferable in a point that the improvement of the safety of the 
electrolyte is excellent. As the alkoxy group are mentioned methoxy 
group, ethoxy group, n-propoxy group, i-propoxy group, butoxy group, 
and an alkoxy group substituted alkoxy group such as methoxyethoxy 
group or the like. Particularly, methoxy group, ethoxy group and n- 
propoxy group are preferable in a point that the improvement of the 
safety of the electrolyte is excellent. Also, methoxy group is 
preferable im a point that the viscosity of the electrolyte is made low. 

In the formula (XI), n is preferably 3-4 in a point that the 
excellent safety can be given to the electrolyte. 

The monovalent substituent is preferable to be substituted 
with fluorine. When all R 5 s in the formula (XI) are not fluorine, at 
least one monovalent substituent contains fluorine. 

The content of fluorine in the phosphazene derivative is 
preferably 3-70% by weight, more preferably 7-45% by weight. 
When the content is within the above numerical range, "excellent 
safety" can be preferably given to the electrolyte. 

As a molecular structure of the phosphazene derivative of 
the formula (XI), a halogen element such as chlorine, bromine or the 
like may be included in addition to fluorine. However, fluorine is most 
preferable, and chlorine is net preferable. The fluorine containing 
derivative tends to have a large effect of improving the cycle 
characteristic of a secondary cell as compared with the chlorine 
containing derivative. 



-28- 



03842 (PCT/JP03/07352) 

By properly selecting R 5 and the value of n in the formula 
(XI), it is possible to prepare an electrolyte having more preferable 
safety and viscosity, a solubility suitable for mixing and the like. 
These phosphazene derivatives may be used alone or in a combination 
of two or more. 

The viscosity of the phosphazene derivative of the formula 
(XI) is not particularly limited unless it is not more than 20 mPa • s 
(20 cP), but it is preferably not more than 10 mPa • s (10 cP), more 
preferably not more than 5 mPa • s (5 cP) from a viewpoint of the 
improvements of the electric conduction and low-temperature 
characteristic. 

As the phosphazene derivative added to the aprotic organic 
solvent, a phosphazene derivative being a solid at 25°C (room 
temperature) and represented by the following formula (XII) is 
preferable from a viewpoint that the safety of the electrolyte is 
improved while controlling the viscosity rise of the electrolyte: 

(NPR 6 2 )„ (XII) 

(wherein R 6 is independently a monovalent substituent or a halogen 
element, and n is 3-6). 

Since the phosphazene derivative of the formula (XII) is a 
solid at room temperature (25°C), when it is added to the electrolyte, 
it is dissolved in the electrolyte to raise the viscosity of the electrolyte. 
However, if the addition amount is a given value as mentioned later, a 
ratio of raising the viscosity of the electrolyte is low and there is 
provided a non-aqueous electrolyte cell having a low internal 
resistance and a high electric conductivity. Also, the phosphazene 
derivative of the formula (XII) is dissolved in the electrolyte, the 
long-life stability of the electrolyte is excellent. 

In the formula (XII), R6 is not particularly limited unless it 
is a monovalent substituent or a halogen element. As the monovalent 
substituent are mentioned an alkoxy group, an alkyl group, a carboxyl 
group, an acyl group, an aryl group and the like. As the halogen 
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element are preferably mentioned halogen elements such as fluorine, 
chlorine, bromine, iodine and the like. Among them, the alkoxy 
group is particularly preferable in a point that the viscosity rise of the 
electrolyte can be suppressed. As the alkoxy group are preferable 
methoxy group, ethoxy group, methoxyethoxy group, propoxy group 
(isopropoxy group, n-propoxy group), phenoxy group, trifluoroethoxy 
group and the like, and methoxy group, ethoxy group, propoxy group 
(isopropoxy group, n-propoxy group), phenoxy group and trifluoro- 
ethoxy group are more preferable in a point that the viscosity rise of 
the electrolyte can be suppressed. The monovalent substituent is 
preferable to contain the above halogen element. 

In the formula (XII), n is particularly preferable to be 3 or 4 
in a point that the viscosity rise of the electrolyte can be suppressed. 

As the phosphazene derivative of the formula (XII) are 
particularly preferable a structure in which R 6 is methoxy group and n 
is 3 in the formula (XII), a structure in which R 6 is at least either 
methoxy group or phenoxy group and n is 4 in the formula (XII), a 
structure in which R 6 is ethoxy group and n is 4 in the formula (XII), a 
structure in which R 6 is isopropoxy group and n is 3 or 4 in the 
formula (XII), a structure in which R 6 is n-propoxy group and n is 4 in 
the formula (XII), a structure in which R 6 is trifluoroethoxy group and 
n is 3 or 4 in the formula (XII), a structure in which R 6 is phenoxy 
group and n is 3 or 4 in the formula (XII) in a point that the viscosity 
rise of the electrolyte can be suppressed. 

By properly selecting each substituent and value of n in the 
formula (XII), it is possible to prepare an electrolyte having a more 
preferable viscosity, a solubility suitable for mixing and the like. 
These phosphazene derivatives may be used alone or in a combination 
of two or more. 

The isomer of the phosphazene derivative to be added to the 
aprotic organic solvent is not particularly limited, but an isomer 
represented by the following formula (XIII) and of a phosphazene 
derivative represented by the following formula (XIV) is preferable 
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from a viewpoint that the low-temperature characteristic of the non- 
aqueous electrolyte cell is improved and further the safety of the 
electrolyte is improved: 
O R 9 

R 7 Y 7 — p— N— X 2 (XIII) 

y8 R 8 

OR 9 

R 7 Y 7 _J> = N— X 2 ( XIV > 
Y 8 R 8 

(in the formulae (XIII) and (XIV), R 7 , R 8 and R 9 are independently a 
monovalent substituent or a halogen element, and X is a substituent 
containing at least one element selected from the group consisting of 
carbon, silicon, germanium, tin, nitrogen, phosphorus, arsenic, 
antimony, bismuth, oxygen, sulfur, selenium, tellurium and polonium, 
and Y 7 and Y 8 are independently a bivalent connecting group, a 
bivalent element or a single bond). 

In the formula (XIII), R 7 , R 8 and R 9 are not particularly 
limited unless they are a monovalent substituent or a halogen element. 
As the monovalent substituent are mentioned an alkoxy group, an alkyl 
group, a carboxyl group, an acyl group, an aryl group and the like. 
As the halogen element are preferably mentioned halogen elements 
such as fluorine, chlorine, bromine and the like. Among them, 
fluorine, alkoxy group and the like are particularly preferable in a 
point of the low-temperature characteristic and electrochemical 
stability of the electrolyte. Also, fluorine, alkoxy group, fluorine- 
containing alkoxy group and the like are preferable in a point that the 
viscosity of the electrolyte is made low. All of R 7 -R 9 may be the 
same kind of the substituent, or some of them may be different kinds 
of the substituent. 

As the alkoxy group are mentioned, for example, methoxy 
group, ethoxy group, propoxy group, butoxy group, and alkoxy- 
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substituted alkoxy groups such as methoxyethoxy group, methoxy- 
ethoxyethoxy group and the like. Among them, all of R 7 -R 9 are 
preferable to be methoxy group, ethoxy group, methoxyethoxy group 
or methoxyethoxyethoxy group, and all of them are particularly 
preferable to be methoxy group or ethoxy group from a viewpoint of 
low viscosity and high dielectric constant. As the alkyl group are 
mentioned methyl group, ethyl group, propyl group, butyl group, 
pentyl group and the like. As the acyl group are mentioned formyl 
group, acetyl group, propionyl group, butylyl group, isobutylyl group, 
valeryl group and the like. As the aryl group are mentioned phenyl 
group, tolyl group, naphthyl group and the like. In these substituents, 
hydrogen element is preferable to be substituted with a halogen 
element. As this halogen element are preferably mentioned fluorine, 
chlorine, bromine and the like. 

In the formula (XIII), as the bivalent connecting group shown 
by Y 7 and Y 8 are mentioned CH 2 group and bivalent connecting group 
containing at least one element selected from the group consisting of 
oxygen, sulfur, selenium, nitrogen, boron, aluminum, scandium, gallium, 
yttrium, indium, lanthanum, thallium, carbon, silicon, titanium, tin, 
germanium, zirconium, lead, phosphorus, vanadium, arsenic, niobium, 
antimony, tantalum, bismuth, chromium, molybdenum, tellurium, 
polonium, tungsten, iron, cobalt and nickel. Among them, CH 2 group 
and the bivalent connecting group containing at least one element 
selected from the group consisting of oxygen, sulfur, selenium and 
nitrogen are preferable. Also, Y 7 and Y 8 may be a bivalent element 
such as oxygen, sulfur, selenium or the like, or a single bond. 
Particularly, the bivalent connecting group containing sulfur and/or 
oxygen, oxygen element and sulfur element are preferable in a point 
that the safety of the electrolyte is improved, while the bivalent 
connecting group containing oxygen and oxygen element are preferable 
in a point that the low-temperature characteristic of the electrolyte is 
excellent. Y 7 and Y 8 may be the same kind or different kinds. 

As X 2 in the formula (XIII) is preferable a substituent 
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containing at least one element selected from the group consisting of 
carbon, silicon, nitrogen, oxygen and sulfur from a viewpoint of 
consideration on toxicity, environment and the like, and a substituent 
having a structure represented by the following formula (XVIII), 
(XIX) or (XX) is more preferable. 

Y 15 R 15 

— p— Z 2 (XVIII) 

O 

— S — Y 17 R 17 (XIX) 

II 

O 

Y 18 R 18 

— N (XX) 

Y 19 R 19 

(In the formulae (XVIII), (XIX) and (XX), R 15 -R 19 are independently a 
monovalent substituent or a halogen element, and Y 15 -Y 19 are 
independently a bivalent connecting group, a bivalent element or a 
single bond, and Z~ is a bivalent group or a bivalent element.) 

As R 15 -R 19 in the formulae (XVIII), (XIX) and (XX) are 
preferably mentioned the same monovalent substituents or halogen 
elements as described in R 7 -R 8 of the formula (XIII). Also, they may 
be the same kind in the same substituent, or some of them may be 
different kinds from each other. Further, R 15 and R 16 in the formula 

(XVIII) and R 18 and R 19 in the formula (XX) may be bonded with each 
other to form a ring. 

As the group shown by Y 15 -Y 19 in the formulae (XVIII), 

(XIX) and (XX) are mentioned the same bivalent connecting groups, 
bivalent elements and the like as described in Y 7 -Y 8 of the formula 
(XIII). Similarly, the bivalent connecting group containing sulfur 
and/or oxygen, oxygen element or sulfur element is particularly 
preferable in a point that the safety of the electrolyte is improved. 
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Also, the bivalent connecting group containing oxygen or oxygen 
element is preferable in a point that the low-temperature characteristic 
of the electrolyte is excellent. They may be the same kind in the same 
substituent, or some of them may be different kinds from each other. 

As Z 2 in the formula (XVIII) are mentioned CH 2 group, 
CHR' group (R 5 is an alkyl group, an alkoxyl group, a phenyl group or 
the like, and so forth on), NR' group, and a bivalent group containing 
at least one element selected from the group consisting of oxygen, 
sulfur, selenium, boron, aluminum, scandium, gallium, yttrium, indium, 
lanthanum, thallium, carbon, silicon, titanium, tin, germanium, 
zirconium, lead, phosphorus, vanadium, arsenic, niobium, antimony, 
tantalum, bismuth, chromium, molybdenum, tellurium, polonium, 
tungsten, iron, cobalt and nickel. Among them, CH 2 group, CHR' 
group, NR' group and the bivalent group containing at least one 
element selected from the group consisting of oxygen, sulfur and 
selenium are preferable. Also, Z 2 may be a bivalent element such as 
oxygen, sulfur, selenium or the like. Particularly, the bivalent group 
containing sulfur and/or selenium, sulfur element or selenium element 
is preferable in a point that the safety of the electrolyte is improved. 
Furthermore, the bivalent group containing oxygen or oxygen element 
is preferable in a point that the low-temperature characteristic of the 
electrolyte is excellent. 

Among these substituents, a phosphorus-containing substi- 
tuent as shown by the formula (XVIII) is particularly preferable in a 
point that the safety can be effectively improved. Further, when each 
of Z\ Y 15 and Y 16 in the formula (XVIII) is oxygen element, it is 
particularly possible to develop a very excellent low-temperature 
characteristic in the electrolyte. Also, when the substituent is a 
sulfur-containing substituent as shown in the formula (XIX), it is 
preferable in a point that the interfacial resistance of the electrolyte is 
made small. 

By properly selecting R 7 -R 9 , R 15 -R 19 , Y 7 -Y 8 , Y 15 -Y 19 and Z 2 
in the formulae (XIII), (XVIII), (XIX) and (XX), it is possible to 
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prepare an electrolyte having a more preferable viscosity, a solubility 
suitable for adding-mixing, a low-temperature characteristic and the 
like. These compounds may be used alone or in a combination of two 
or more. 

The isomer represented by the formula (XIII) is an isomer of 
a phosphazene derivative represented by the formula (XIV), which can 
be produced by adjusting a vacuum degree and/or a temperature in the 
formation of the phosphazene derivative of the formula (XIV). 
The content of the isomer in the electrolyte (volume%) can be 
measured by the following measuring method. 
<<Measuring method>> 

It can be measured by finding a peak area of a sample 
through a gel permeation chromatography (GPC) or a high-speed liquid 
chromatography, comparing the found peak area with a previously 
found area per mole of the isomer to obtain a molar ratio, and further 
converting into a volume while considering a specific gravity. Also, 
it may be determined through a gas chromatography. 

As the phosphazene derivative represented by the formula 
(XIV), it is preferable that the viscosity is relatively low and the 
support salt can be well dissolved. As R 7 -R 9 , Y 7 -Y 8 and X 2 in the 
formula (XIV) are preferably mentioned the same as described in the 
explanation on R 7 -R 9 , Y 7 -Y 8 and X 2 of the formula (XIII). 

As the phosphazene derivative represented by the formula 
(VIII), (IX), (XII) or (XIV) or the isomer represented by the formula 
(XIII), it is preferable to contain a halogen element containing 
substituent in its molecular structure. When the halogen element 
containing substituent is existent in the molecular structure, even if 
the content of the phosphazene derivative or the isomer is small, it is 
possible to effectively reduce the risk of ignition-fire of the electrolyte 
by a halogen gas derived therefrom. Moreover, the occurrence of 
halogen radical may come into problem in case of the compound 
containing a halogen element in its substituent. However, such a 
problem is not caused in case of the above phosphazene derivative or 
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the isomer of the phosphazene derivative because phosphorus element 
in the molecular structure catches the halogen radical to form a stable 
phosphorus halide. 

The content of the halogen element in the phosphazene 
derivative or the isomer of the phosphazene derivative is preferably 2- 
80% by weight, more preferably 2-60% by weight, further preferably 
2-50% by weight. When the content is less than 2% by weight, the 
effect by including the halogen element may not sufficiently be 
developed, while when it exceeds 80% by weight, the viscosity 
becomes higher and the electric conductivity may lower in the addition 
to the electrolyte. As the halogen element, fluorine, chlorine, 
bromine and the like are preferable, and fluorine is particularly 
preferable from a viewpoint that good cell characteristics are obtained. 

In the phosphazene derivatives represented by the formulae 
(VIII), (IX), (XI), (XII) and (XIV), a flash point is not particularly 
limited, but it is preferably not lower than 100°C, more preferably not 
lower than 150°C, further preferably not lower than 300°C from a 
viewpoint of the control of fire and the like. On the other hand, the 
phosphazene derivative represented by the formula (X) has no flash 
point. The term "flash point" used herein means such a temperature 
that a flame is broadened on a surface of a substance and covers at 
least 75% of the surface of the substance. The flash point is a scale 
looking a tendency of forming a combustible mixture with air. When 
the phosphazene derivative has a flash point of not lower than 100°C 
or has no flash point, the fire or the like is suppressed, and also if the 
fire or the like is caused in an interior of a cell, it is possible to reduce 
the risk of outblazing over the surface of the electrolyte by ignition. 

The content of the phosphazene derivative and the isomer of the 
phosphazene derivative in the non-aqueous electrolyte is shown below. 
From a viewpoint of "limit oxygen index", the content of the 
phosphazene derivative represented by the formula (VIII) or (IX) to 
the electrolyte is preferably not less than 5 volume%, more preferably 
10-50 volume%. By adjusting the content to a value within the above 
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numerical range is effectively reduced the risk of ignition-fire of the 
electrolyte. Although the risk of fire is effectively reduced, the range 
of the content differs in accordance with the kind of the support salt 
and the kind of the electrolyte used. Concretely, the system used is 
optimized by properly selecting the content so as to control the 
viscosity to a lowest value and render the limit oxygen index into not 
less than 21 volume%. 

From a viewpoint of "safety" in the electrolyte, the content 
of the phosphazene derivative of the formula (X) is preferably not less 
than 5 volume%, and the content of the phosphazene derivative of the 
formula (XI) is preferably not less than 10 volume%, more preferably 
not less than 15 volume%, and the content of the phosphazene 
derivative of the formula (XII) is preferably not less than 20 volume%, 
and the total content of the isomer of the formula (XIII) and the 
phosphazene derivative of the formula (XIV) is preferably not less 
than 20 volume%. When the content is within the above numerical 
range, the safety of the electrolyte can be preferably improved. 

From a viewpoint of "low-temperature characteristics" in the 
electrolyte, the content of the phosphazene derivative of the formula 
(X) is preferably not less than 1 volume%, more preferably not less 
than 3 volume%, further preferably not less than 5 volume%, and the 
total content of the isomer of the formula (XIII) and the phosphazene 
derivative of the formula (XIV) is not less than 1 volume%, more 
preferably not less than 2 volume%, further preferably not less than 
5 volume%. When the content is less than 1 volume%, the low- 
temperature characteristics in the electrolyte are not sufficient. 

From a viewpoint of "decrease of viscosity" in the 
electrolyte, the content of the phosphazene derivative of the formula 
(X) is preferably not less than 3 volume%, more preferably 
3-80 volume%. When the content is less than 3 volume%, the 
viscosity of the electrolyte can not be sufficiently made low. 

From a viewpoint of "control of viscosity rise" in the 
electrolyte, the content of the phosphazene derivative of the formula 
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(XII) is preferably not more than 40% by weight, more preferably not 
more than 35% by weight, further preferably not more than 30% by 
weight. When the content is more than 40% by weight, the viscosity 
rise of the electrolyte becomes remarkably large and the internal 
resistance becomes high and the electric conductivity becomes low. 
-Other members- 

As the other member used in the non-aqueous electrolyte cell 
of the invention is mentioned a separator interposed between the 
positive and negative electrodes in the non-aqueous electrolyte cell and 
acting to prevent short-circuiting of current due to the contact between 
the electrodes. As a material of the separator are mentioned materials 
capable of surely preventing the contact between the electrodes and 
passing or impregnating the electrolyte such as non-woven fabrics, 
thin-layer films and the like made of synthetic resin such as poly- 
tetrafluoroethylene, polypropylene, polyethylene, cellulose based resin, 
polybutylene terephthalate, polyethylene terephthalate or the like. 
Among them, a microporous film having a thickness of about 20-50 (mm 
and made of polypropylene or polyethylene, and a film made of 
cellulose based resin, polybutylene terephthalate, polyethylene 
terephthalate or the like are particularly preferable. 

In the invention, various well-known members usually used 
in the cell can be favorably used in addition to the above separator. 
-Form of non-aqueous electrolyte cell- 

The form of the aforementioned non-aqueous electrolyte cell 
according to the invention is not particularly limited, and there are 
preferably mentioned various well-known forms such as coin type, 
button type, paper type, pentagon, cylindrical type of spiral structure 
and so on. In case of the button type, a non-aqueous electrolyte cell 
can be prepared by preparing sheet-shaped positive and negative 
electrodes, and sandwiching the separator between the positive and 
negative electrodes and the like. Also, in case of the spiral structure, 
a non-aqueous electrolyte cell can be prepared by preparing a sheet- 
shaped positive electrode, sandwiching between collectors, piling the 
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negative electrode (sheet-shaped) thereon and then winding them or 
the like. 
<Polymer cell> 

The polymer cell according to the invention comprises a 
positive electrode, a negative electrode and a polymer electrolyte 
comprising the above support salt and a polymer, and is provided with 
other members usually used in the technical field of the polymer cell, 
if necessary. 
-Positive electrode- 

The positive electrode in the polymer cell of the invention is 
not particularly limited and can be properly selected from well-known 
positive electrode materials. For example, there are preferably 
mentioned metal oxides such as V2O5, V6O13, MnO?, M0O3 and the 
like; lithium-containing composite oxides such as LiCo0 2 , LiNi0 2 , 
LiMn 2 04, LiFe0 2 , LiFePCU and the like; metal sulfides such as TiS 2 , 
M0S2 and the like; electrically conductive polymers such as 
polyaniline and the like, and so on. The lithium-containing 
composite oxide may be a composite oxide containing two or three 
transition metals selected from the group consisting of Fe, Mn, Co and 
Ni. In the latter case, the composite oxide is represented by 
LiFe x Co y Ni(i_ x _y)0 2 (wherein 0ssx<l, 0<;y<l, 0<x + y<;l), LiMn x Fe y 0 2 - x _ y 
or the like. Among them, LiCo0 2 , LiNi0 2 and LiMn 2 0 4 are 
particularly preferable in a point that the capacity is high and the 
safety is high and the wettability of the electrolyte is excellent. 
These materials may be used alone or in a combination of two or more. 

The positive electrode may be mixed with an electrically 
conducting agent and a binding agent, if necessary. As the electrically 
conducting agent are mentioned acetylene black and the like, and as the 
binding agent are mentioned polyvinylidene fluoride (PVDF), polytetra- 
fluoroethylene (PTFE) and the like. In case of using these additives, 
they may be compounded in the same compounding ratio as in the 
conventional case, for example, positive electrode materialrelectrically 
conducting agent:binding agent = 8:1:1-8:1:0.2 (mass ratio). 
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The form of the positive electrode is not particularly limited 
and can be properly selected from the well-known forms as the 
electrode. For example, there are mentioned a sheet form, a column 
form, a plate form, a spiral form and the like. Among them, the sheet 
form or the like is preferable in a point of the thin-shaping of the cell. 
-Negative electrode- 

The negative electrode in the polymer cell of the invention is 
possible to occlude and release lithium, lithium ion or the like. 
Therefore, the material thereof is not particularly limited unless 
lithium, lithium ion or the like may be occluded and released, and can 
be properly selected from well-known negative electrode materials. 
For example, there are preferably mentioned lithium-containing 
materials, concretely lithium metal itself, an alloy of lithium with 
aluminum, indium, lead, zinc or the like, and a carbonaceous material 
such as graphite doped with lithium or the like. Among them, the 
carbonaceous material such as graphite or the like is preferable in a 
point that the safety is higher. These materials may be used alone or 
in a combination of two or more. The form of the negative electrode 
is not particularly limited and may be properly selected from the well- 
known forms likewise the form of the positive electrode. 
-Polymer electrolyte- 

The polymer electrolyte used in the polymer cell of the 
invention comprises a support salt of a compound represented by the 
above formula (I) or (II) and a polymer, and may contain other 
components, if necessary. 

The compound of the formula (I) or (II) acts as an ion source 
for lithium ion because it contains lithium in its molecule and releases 
lithium ion in the polymer electrolyte, and can improve the electric 
conduction of the polymer electrolyte. Also, this compound has a 
phosphazene derivative as a basic skeleton, so that it has an action of 
controlling the combustion. Although there is a problem in the safety 
in the conventional polymer electrolyte impregnated and swollen with 
the aprotic organic solvent as previously mentioned, the polymer 
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electrolyte containing the above support salt brings about the self- 
extinguishing property or flame retardance based on the action of 
nitrogen gas derived from the phosphazene derivative, so that the risk 
of ignition-fire is reduced and the safety is improved. Furthermore, 
since phosphorus has an action of suppressing the chain decomposition 
of the high molecular weight material constituting a part of the cell, 
the self-extinguishing property or flame retardance can be effectively 
given to reduce the risk of ignition-fire. 

The polymer electrolyte added with the above support salt is 
preferable to have a limit oxygen index of not less than 21 volume%. 
When the limit oxygen index is less than 21 volume%, the effect of 
suppressing the ignition-fire may be insufficient. Moreover, the 
definition of the limit oxygen index and the measuring method thereof 
are as previously mentioned. 
--Polymer-- 

The polymer used in the electrolyte for the polymer cell of 
the invention is not particularly limited, and there can be mentioned 
all polymers usually used in the polymer cell. For example, there are 
polyethylene oxide, polyacrylate, polypropylene oxide, polyacrylo- 
nitrile, polyacrylate containing ethylene oxide unit and the like. 
Among them, polyethylene oxide and polypropylene oxide are 
particularly preferable in a point that they are electrically stable. 

The polymer is preferable to have a weight average 
molecular weight of not less than 100000, particularly not less than 
5000000. When the weight average molecular weight is less than 
.100000, the strength is weak, and it may become at a state near to sol 
rather than gel. 

The amount of the polymer to a total amount of the polymer 
and the support salt in the polymer electrolyte is preferably 80-95% by 
mass, more preferably about 90% by mass. When the amount of the 
polymer is less than 80% by mass, the strength of the electrolyte 
lowers, while when it exceeds 95% by mass, the electric conductivity 
may lower. 
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-Other component- 

As the other component included in the electrolyte for the 
polymer cell of the invention, an aprotic organic solvent is particularly 
preferable. Since lithium or lithium alloy is used in the negative 
electrode of the polymer cell as previously mentioned, the reactivity 
with water is vary high, and hence it is necessary to use an aprotic 
organic solvent not reacting with lithium or lithium alloy as a solvent 
impregnated in the polymer electrolyte. Also, an ion conduction can 
be easily improved by including the aprotic organic solvent in the 
polymer electrolyte. 

The aprotic organic solvent is not particularly limited, and 
includes an ether compound, an ester compound and the like. There 
are concretely and preferably mentioned 1,2-dimethoxyethane (DME), 
tetrahydrofuran, dimethyl carbonate, diethyl carbonate (DEC), 
diphenyl carbonate, ethylene carbonate (EC), propylene carbonate (PC), 
y-butyrolactone (GBL), y-valerolactone, methylethyl carbonate, 
ethylmethyl carbonate and the like. Among them, a cyclic ester 
compound such as ethylene carbonate, propylene carbonate, y- 
butyrolactone or the like, a chain ester compound such as dimethyl 
carbonate, ethylmethyl carbonate, diethyl carbonate or the like, and a 
chain ether compound such as 1,2-dimethoxyethane or the like are 
preferable. Particularly, the cyclic ester compound is preferable in a 
point that the dielectric constant is high and the solubility of the above 
support salt is excellent, while the chain ester compound and ether 
compound are preferable in a point that the viscosity is low and the 
impregnation is easy. They may be used alone or in a combination of 
two or more. 

The viscosity at 25°C of the aprotic organic solvent is not 
particularly limited, but is preferably not more than 10 mPa • s (10 cP), 
more preferably not more than 5 mPa-s (5 cP). 
-Phosphazene derivative and isomer of phosphazene derivative- 

The above polymer electrolyte is preferable to further 
contain a phosphazene derivative and/or an isomer of a phosphazene 
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derivative. By constituting the polymer electrolyte with the above 
support salt having an action of suppressing combustion can be 
reduced the risk of ignition-fire of the polymer cell provided with such 
an electrolyte, but this risk can be more surely reduced by further 
including the phosphazene derivative and/or the isomer of the 
phosphazene derivative in such an electrolyte as mentioned below. 

That is, the phosphazene derivative and the isomer of the 
phosphazene derivative reduce the risk of ignition-fire of the polymer 
cell based on the same reasons as mentioned in the support salt. Also, 
the halogen (e.g. fluorine)-containing phosphazene derivative and the 
isomer of the phosphazene derivative act as an active radical catching 
agent in an accidental combustion, and the phosphazene derivative and 
the isomer of the phosphazene derivative having an organic substituent 
have an effect of shielding oxygen for forming a carbide (char) on the 
electrode material and the separator in the combustion. 

In the conventional polymer cell containing lithium metal or 
the like as an active substance for negative electrode, lithium 
dissolved in the electrolyte in the form of an ion during the discharge 
is partly precipitated as dendrite (dendric crystal) in the recharge to 
cause a problem bringing about internal short-circuiting, explosion and 
the like. However, by including the phosphazene derivative and/or 
the isomer of the phosphazene derivative in the electrolyte, there can 
be provided a safe and long-life cell in which the precipitation of 
dendrite is effectively suppressed and there is no risk of internal short- 
circuiting, explosion and the like in the cell. 

As the phosphazene derivative and the isomer of the 
phosphazene derivative included in the electrolyte for the polymer cell 
of the invention can be mentioned the same compounds as described in 
the aforementioned non-aqueous electrolyte cell. Among them, they 
are preferable to be liquid at room temperature (25°C), and further the 
chain phosphazene derivative of the formula (VIII) and the cyclic 
phosphazene derivative of the formula (IX) are preferable in a point 
that the effect of suppressing the precipitation of dendrite and the 



-43- 



03842 (PCT/JP03/07352) 

safety are excellent. Also, preferable ones for the electrolyte of the 
non-aqueous electrolyte cell are preferable for the polymer electrolyte, 
and particularly preferable ones for the non-aqueous electrolyte 
secondary cell are preferable for the polymer electrolyte. 

Moreover, the phosphazene derivatives of the formula (IX) 
in which R 4 is at least one of alkoxy group, phenoxy group and 
fluorine and at least one of all R 4 s is fluorine and at least the other one 
is either alkoxy group or phenoxy group are preferable from a 
viewpoint that the precipitation of dendrite in the polymer cell can be 
particularly effectively suppressed and the like. 

A total amount of the phosphazene derivative and the isomer 
of the phosphazene derivative in the polymer electrolyte is shown 
below. As the total amount of the phosphazene derivative and the 
isomer of the phosphazene derivative in the polymer electrolyte are 
mentioned a first amount capable of "preferably suppressing the 
precipitation of dendrite" and a second amount capable of "preferably 
controlling combustion" in accordance with the effects obtained by 
including the phosphazene derivative and/or the isomer of the 
phosphazene derivative in the electrolyte. 

From a viewpoint of "suppressing the precipitation of 
dendrite", the total amount of the phosphazene derivative and the 
isomer of the phosphazene derivative in the electrolyte is preferable to 
be not less than 0.5% by mass. When the total amount is less than 
0.5% by mass, the effect of suppressing the precipitation of dendrite is 
insufficient. 

From a viewpoint of "controlling combustion", the total 
amount of the phosphazene derivative and the isomer of the 
phosphazene derivative in the electrolyte is preferable to be not less 
than 2.5% by mass. When the total amount is less than 2.5% by mass, - 
the effect of controlling the combustion of the electrolyte is insufficient. 

The method of preparing the polymer electrolyte of the 
invention is not particularly limited, and there is mentioned a method 
wherein the polymer and the support salt are mixed at a mass ratio 
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(polymer/support salt) of 9/1 and added and uniformly mixed with a 
volatile solvent and uniformly dissolved at about 80°C and heated to 
about 40°C under vacuum to vaporize the volatile solvent and dried 
and impregnated and swollen with the aprotic organic solvent and at 
least one of the phosphazene derivatives and the isomers of the 
phosphazene derivative to obtain a polymer electrolyte. As the 
volatile solvent are mentioned acetonitrile, alcohols and the like. 
Acetonitrile is preferable in a point of excellent solubility and the like. 

The form of the polymer electrolyte is not particularly 
limited, but the sheet form or the like is preferable in a point of the 
thin-shaping of the cell. 
-Other members- 

As the other member used in the polymer cell of the invention 
are mentioned well-known various members usually used in the 
polymer cell. 
-Form of polymer cell- 

The form of the polymer cell of the invention is not 
particularly limited, and there are preferably mentioned various well- 
known forms such as coin type, button type, paper type, pentagon, 
cylindrical type of spiral structure and so on. In case of the spiral 
structure, a polymer cell can be prepared by preparing a sheet-shaped 
positive electrode, sandwiching between collectors, piling the negative 
electrode (sheet-shaped) thereon and then winding them or the like. 

The following examples are given in illustration of the 
invention and are not intended as limitations thereof. 
<Support salt> 

(Synthesis Example 1 of support salt) 

A compound represented by the following formula (XXI) is 
synthesized as follows. At first, a phosphazene derivative of the 
formula (III) in which all A 2 s are CI [made by Protein Chemical Co., 
Ltd.] (50.3 g, 0.2 mol) and aniline (167 g, 1.8 mol) are added to 
150 mL of THF and reacted at 60°C for 10 hours. After the comple- 
tion of the reaction, they are aged for 1 day and then a by-produced 
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hydrochloric acid is evaporated off by heating and thereafter a hydro- 
chloride of aniline is removed off through filtration. The resulting 
filtrate is sufficiently dehydrated and added with lithium methoxide 
(76 g, 2 mol) and reacted at 45°C for 5 hours. After the completion 
of the reaction, the isolation and purification are carried out by a 
recrystallization method to obtain the compound of the formula (XXI) 
(70.3 g, 96 mmol, yield: 48%): 

Ph Ph 

Li — ]L , N — Li 



Ph N ^ ^ N Ph 



Li — N. II ! ^N— Li (XXI) 



Li — N N — Li 

Ph Ph 

(wherein Ph is a phenyl group). 

In this synthesis example, a broad absorption of NH- 
deformation vibration are observed at 1600-1700 cm* 1 in an infrared 
absorption spectrum of the reactive intermediate (before the reaction 
with lithium methoxide), but such an absorption is disappeared in the 
final purified product and an absorption based on C-N stretching 
vibration is strongly developed at 1080 cm" 1 . Also, when the 
compound of this synthesis example is analyzed within a mass number 
range of 50-1000 under an ESI ionization condition by means of a 
Mariner TOF-MS apparatus made by PerSeptive Biosystem Corp., 
large mass number peaks are observed at 681, 625, 527, 429, 331, 233 
and 135. The compound of the formula (XXI) has a molecular weight 
of 723 and also a mass of a fragment after the slip of 6 Li or 1-6 
NPhLi from the compound is coincident with the above analytical 
value, so that the compound obtained by this synthesis example is 
judged to be the compound of the formula (XXI). 
(Synthesis Example 2 of support salt) 
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A compound represented by the following formula (XXII) is 
synthesized as follows. At first, a phosphazene derivative of the 
formula (VI) in which all A 2 s are CI [made by Nippon Kagaku Kogyo 
Co., Ltd.](54 g, 0.2 mol) and aniline (139 g, 1.5 mol) are added to 
150 mL of THF and reacted at 60°C for 10 hours. After the completion 
of the reaction, the reaction liquid is aged for 1 day and a by-produced 
hydrochloric acid is distilled off and added with lithium, methoxide 
(57 g, 1.5 mol), which are reacted at 50°C for 5 hours. After the 
completion of the reaction, the isolation and purification are carried 
out by a recrystallization method to obtain the compound of the 
formula (XXII) (69.8 g, 0.12 mmol, yield: 60%): 

Ph 
I 

Ph N— Li O Ph 

II II I 

Li N P = N P N Li (xxn) 

N — Li N — Li 

(wherein Ph is a phenyl group). 

In this synthesis example, a broad absorption of NH- 
deformation vibration are observed at 1600-1700 cm' 1 in an infrared 
absorption spectrum of the reactive intermediate (before the reaction 
with lithium methoxide), but such an absorption is disappeared in the 
final purified product and an absorption based on C-N stretching 
vibration is strongly developed at 1080 cm" 1 . Also, when the 
compound of this synthesis example is analyzed by means of the same 
apparatus as in Synthesis Example 1, large mass number peaks are 
observed at 547, 386, 288, 190 and 92. The compound of the formula 
(XXII) has a molecular weight of 582 and also a mass of a fragment 
after the slip of 5 Li or 2-5 NPhLi from the compound is coincident 
with the above analytical value, so that the compound obtained by this 
synthesis example is judged to be the compound of the formula (XXII). 
(Synthesis Example 3 of support salt) 
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To 150 mL of acetonitrile are added a phosphazene derivative 
of the formula (III) in which all A 2 s are CI [made by Protein Chemical 
Corp.](50.3 g, 0.2 mol) and NaF [made by Kanto Kagaku Co., Ltd.] 
(58.8 g, 1.4 mol), which are reacted while refluxing at 60-80°C for 
8 hours. After the completion of the reaction, the reaction product is 
purified by distillation at 50°C to obtain a phosphazene derivative of 
the formula (III) in which all A 2 s are F. 

Then, the phosphazene derivative of the formula (III) in 
which all A 2 s are F (24.9 g, 0.1 mol), aniline (14 g, 0.15 mol) and 
potassium carbonate (27.6 g, 0.2 mol) are added to 75 mL of THF and 
reacted at 80°C for 10 hours. After the completion of the reaction, 
the reaction product is aged for 1 day and then by-produced potassium 
fluoride, potassium hydrogen carbonate and aniline salt and 
excessively added potassium carbonate are removed off by filtration. 
The filtrate is sufficiently dehydrated and added with lithium 
methoxide (5.7 g, 0.15 mol) and reacted at 45°C for 5 hours. After 
the completion of the reaction, the isolation and purification are 
carried out by a recrystallization method to obtain a compound Z of 
the formula (I) in which one of six A 1 s is NPhLi and five thereof are F 
(19.7 g, 0.06 mol, yield: 60%). 

When the compound of this synthesis example is analyzed by 
the same apparatus as in Synthesis Example 1, large mass number 
peaks are observed at 321, 233 and 230. The compound of the 
formula (I) in which one of six A*s is NPhLi arid five thereof are F has 
a molecular weight of 328 and also a mass of a fragment after the slip 
of 1 Li and 5 fluorine from the compound is coincident with the above 
analytical value, so that the compound obtained by this synthesis 
example is judged to be a compound of the formula (I) in which one of 
six A l s is NPhLi and five thereof are F. 
(Synthesis Example 4 of support salt) 

The phosphazene derivative of the formula (III) in which all 
of A 2 s are F obtained at a fluorination step of the above Synthesis 
Example 3 (24.9 g, 0.1 mol), aniline (42 g, 45 mol) and potassium 
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carbonate (69 g, 0.5 mol) are added to 75 mL of THF and reacted at 
80°C for 8 hours. After the completion of the reaction, the reaction 
product is aged for 1 day and then by-produced potassium fluoride, 
potassium hydrogen carbonate and aniline salt and excessively added 
potassium carbonate are removed off by filtration. The filtrate is 
sufficiently dehydrated and added with lithium methoxide (19.0 g, 
0.5 mol) and reacted at 45°C for 5 hours. After the completion of the 
reaction, the isolation and purification are carried out by a recrystal- 
lization method to obtain a compound Y of the formula (I) in which 
three of six A x s are NPhLi and three thereof are F (32.6 g, 0.067 mol, 
yield: 67%). 

When the compound of this synthesis example is analyzed by 
the same apparatus as in Synthesis Example 1, large mass number 
peaks are observed at 465, 388, 290 and 192. The compound of the 
formula (I) in which three of six A x s are NPhLi and three thereof are F 
has a molecular weight of 486 and also a mass of a fragment after the 
slip of 3 Li or 1-3 NPhLi from the compound is coincident with the 
above analytical value, so that the compound obtained by this synthesis 
example is judged to be a compound of the formula (I) in which three 
of six A x s are NPhLi and three thereof are F. 
(Synthesis Example 5 of support salt) 

To 150 mL of acetonitrile are added a phosphazene 
derivative of the formula (VI) in which all of A 2 s are CI [made by 
Nippon Kagaku Kogyo Co., Ltd.](54 g, 0.2 mol) and NaF [made by 
Kanto Kagaku Co., Ltd.](58.8 g, 1.4 mol), which are reacted while 
refluxing at 90°C for 10 hours. After the completion of the reaction, 
the reaction product is purified by distillation at about 96°C to obtain 
a phosphazene derivative of the formula (VI) in which all of A 2 s are F. 

Then, the phosphazene derivative of the formula (VI) in 
which all of A 2 s are F (37.4 g, 0.2 mol), aniline (28 g, 0.3 mol) and 
potassium carbonate (27.6 g, 0.2 mol) are added to 150 mL of THF and 
reacted at 60°C for 12 hours. After the completion of the reaction, 
the reaction product is aged for 1 day and then by-produced potassium 
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fluoride, potassium hydrogen carbonate and aniline salt and excessively 
added potassium carbonate are removed off by filtration, and added 
with lithium methoxide (11.4 g, 0.3 mol) and reacted at 60°C for 
5 hours. After the completion of the reaction, the isolation and 
purification are carried out by a recyrstallization method to obtain a 
compound X of the formula (II) in which one of five A x s is NPhLi and 
four thereof are F (22.3 g, 0.084 mol, yield: 42%). 

When the compound of this synthesis example is analyzed by 
the same apparatus as in Synthesis Example 1, large mass number 
peaks are observed at 259, 190 and 168. The compound of the 
formula (II) in which one of five A 1 s is NPhLi and four thereof are F 
has a molecular weight of 266 and also a mass of a fragment after the 
slip of 1 Li, 1 NPhLi or four fluorine from the compound is coincident 
with the above analytical value, so that the compound obtained by this 
synthesis example is judged to be a compound of the formula (II) in 
which one of five A*s is NPhLi and four thereof are F. 
(Synthesis Example 6 of support salt) 

The phosphazene derivative of the formula (VI) in which all 
of A 2 s are F obtained at a fluorination step of Synthesis Example 5 
(37.4 g, 0.2 mol), aniline (84 g, 0.9 mol) and potassium carbonate 
(138 g, 1.0 mol) are added to 150 mL of THF and reacted while 
refluxing for 16 hours. After the completion of the reaction, the 
reaction product is aged for 1 day and then by-produced potassium 
fluoride, potassium hydrogen carbonate and aniline salt and excessively 
added potassium carbonate are removed off by filtration, and added 
with lithium methoxide (34.2 g, 0.9 mol) and reacted at 60°C for 
5 hours. After the completion of the reaction, the isolation and 
purification are carried out by a recyrstallization method to obtain a 
compound W of the formula (II) in which three of five A l s are NPhLi 
and two thereof are F (59.4 g, 0.14 mol, yield: 70%). 

When the compound of this synthesis example is analyzed by 
the same apparatus as in Synthesis Example 1, large mass number 
peaks are observed at 403, 326, 228 and 130. The compound of the 
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formula (II) in which three of five A l s are NPhLi and two thereof are F 
has a molecular weight of 424 and also a mass of a fragment after the 
slip of 3 Li or 1-3 NPhLi from the compound is coincident with the 
above analytical value, so that the compound obtained by this 
synthesis example is judged to be a compound of the formula (II) in 
which three of five A l s are NPhLi and two thereof are F. 
<Non-aqueous electrolyte primary cell> 
(Example 1) 

A positive electrode is prepared by mixing and kneading 
manganese dioxide [EMD, made by Mitsui Mining Co., Ltd.], 
acetylene black and polytetrafluoroethylene (PTFE) at a ratio of 
8:1:1 (mass ratio), applying the kneaded mass with a doctor blade, 
drying in hot air (100-120°C) and cutting out through a punching 
machine of (f) 16 mm. Moreover, a mass of the positive electrode is 
20 mg. 

A negative electrode is used by punching a lithium foil 
(thickness: 0.5 mm) at $ 16 mm, and a nickel foil is used as a collector. 
Also, an electrolyte is prepared by dissolving the compound of the 
formula (XXI) (support salt) into a mixed solution of propylene 
carbonate (PC) and dimethoxyethane (DME) (volume ratio: 
PC/DME=50/50) at a concentration of 0.25 mol/L(M). 

As a separator is used a cellulose separator [TF4030, made 
by Nippon Kodo Kami-kogyo Co., Ltd.], through which are set the 
above positive and negative electrodes opposite to each other, and the 
electrolyte is poured thereinto and sealed to prepare a lithium primary 
cell of CR2016 model (non-aqueous electrolyte primary cell). 

With respect to the thus obtained lithium primary cell, initial 
cell characteristics at 25°C (voltage, internal resistance) are measured 
and evaluated, and thereafter average discharge potential and 
discharge capacity at room temperature are measured and evaluated by 
the following evaluation methods. Also, limit oxygen index of the 
electrolyte used in the cell is measured by the following evaluation 
method according to JIS K7201. The results are shown in Table 1. 



-51 - 



03842 (PCT/JP03/07352) 

-Evaluation of average discharge potential- 

In a discharge curve obtained when discharge is conducted to 
the positive electrode material under a condition of 0.2C, a potential in 
the holding of flat state on the curve is evaluated as an average 
discharge potential. 

-Evaluation of discharge capacity at room temperature- 

A discharge capacity at room temperature is measured by 
discharging the cell to 1.5 V (lower limit voltage) in an atmosphere of 
25°C at a constant current of 1 mA (0.2C). 
-Measurement of limit oxygen index- 

A test specimen is prepared by reinforcing a Si0 2 sheet 
(quartz filter paper, incombustible) of 127 mm x 12.7 mm with U- 
shaped aluminum foil into a self-supported state and impregnating 
such a Si0 2 sheet with 1.0 mL of the electrolyte. The test specimen 
is vertically attached to a test specimen supporting member so as to 
position at a distance separated from an upper end portion of a 
combustion cylinder (inner diameter: 75 mm, height: 450 mm, equally 
filled with glass particles of 4 mm in diameter from a bottom to a 
thickness of 100±5 mm, and placed a metal net thereon) to not less 
than 100 mm. Then, oxygen (equal to or more than JIS K1101) and 
nitrogen (equal to or more than grade 2 of JIS K1107) are flown 
through the combustion cylinder and the test specimen is ignited in air 
(heat source is Type 1, No. 1 of JIS K2240) to examine combustion state. 
Moreover, a total flow amount in the combustion cylinder is 11.4 L/min. 
The test is repeated three times to measure an average value. 

The oxygen index means a value of a minimum oxygen 
concentration required for maintaining combustion of a material under 
given test conditions defined in JIS K7201 and represented by a 
volume percentage. The limit oxygen index according to the 
invention is calculated form minimum oxygen flow amount required 
for continuing the combustion of the test specimen over 3 minutes or 
more or continuing the combustion after the firing so as to maintain 
the combustion length of not less than 50 mm and minimum nitrogen 
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flow amount at this time. 

Equation: Limit oxygen index = [Oxygen flow amount] / ([Oxygen 
flow amount] + [Nitrogen flow amount])xl00 (volume%) 
(Example 2) 

A lithium primary cell is prepared in the same manner as in 
Example 1 except that the compound of the formula (XXII) is used 
instead of the compound of the formula (XXI) as a support salt, and 
various cell characteristics and limit oxygen index are measured and 
evaluated in the same manner. The results are shown in Table 1. 
(Conventional Example 1) 

A lithium primary cell is prepared in the same manner as in 
Example 1 except that an electrolyte is prepared by dissolving 
LiCF 3 S03 in a mixed solution of propylene carbonate (PC) and 
dimethoxyethane (DME) (volume ratio: PC/DME = 50/50) at a 
concentration of 0.75 mol/L(M), and various cell characteristics and 
limit oxygen index are measured and evaluated in the same manner. 
The results are shown in Table 1. 
(Example 3) 

A lithium primary cell is prepared in the same manner as in 
Example 1 except that an electrolyte is prepared by dissolving the 
compound of the formula (XXI) (support salt) in a mixed solution of 
10 volume% of the phosphazene derivative A (a cyclic phosphazene 
derivative compound of the formula (XI) in which n is 3 and two of six 
R 5 s are ethoxy group and four thereof are fluorine, viscosity at 25°C: 
1.2 mPa*s (1.2 cP)) and 90 volume% of a mixed solution of propylene 
carbonate (PC) and dimethoxyethane (DME)(volume ratio: PC/DME = 
50/50) at a concentration of 0.25 mol/L(M), and various cell 
characteristics and limit oxygen index are measured and evaluated in 
the same manner. The results are shown in Table 1. 
(Example 4) 

A lithium primary cell is prepared in the same manner as in 
Example 3 except that the phosphazene derivative B (a cyclic 
phosphazene derivative compound of the formula (XI) in which n is 4 
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and one of eight R 5 s is ethoxy group and seven thereof are fluorine, 
viscosity at 25°C: 1.3 mPa-s (1.3 cP)) is used instead of the 
phosphazene derivative A in the preparation of the electrolyte, and 
various cell characteristics and limit oxygen index are measured and 
evaluated in the same manner. The results are shown in Table 1. 
(Example 5) 

A lithium primary cell is prepared in the same manner as in 
Example 3 except that the compound of the formula (XXII) is used 
instead of the compound of the formula (XXI) as a support salt, and 
various cell characteristics and limit oxygen index are measured and 
evaluated in the same manner. The results are shown in Table 1. 
(Example 6) 

A lithium primary cell is prepared in the same manner as in 
Example 4 except that the compound of the formula (XXII) is used 
instead of the compound of the formula (XXI) as a support salt, and 
various cell characteristics and limit oxygen index are measured and 
evaluated in the same manner. The results are shown in Table 1. 
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(Examples'7-10) 

A lithium primary cell is prepared in the same manner as in 
Example 1 except that each of compounds described in Table 2 is used 
instead of the compound of the formula (XXI) as a support salt and a 
concentration of this support salt is a concentration shown in Table 2, 
and various cell characteristics and limit oxygen index are measured 
and evaluated in the same manner. The results are shown in Table 2. 
(Examples 11-14) 

A lithium primary cell is prepared in the same manner as in 
Example 3 except that each of compounds described in Table 2 is used 
instead of the compound of the formula (XXI) as a support salt and a 
concentration of this support salt is a concentration shown in Table 2, 
and various cell characteristics and limit oxygen index are measured 
and evaluated in the same manner. The results are shown in Table 2. 
(Examples 15-18) 

A lithium primary cell is prepared in the same manner as in 
Example 4 except that each of compounds described in Table 2 is used 
instead of the compound of the formula (XXI) as a support salt and a 
concentration of this support salt is a concentration shown in Table 2, 
and various cell characteristics and limit oxygen index are measured 
and evaluated in the same manner. The results are shown in Table 2. 
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<Non-aqueous electrolyte secondary cell> 
(Example 19) 

To 100 parts by mass of LiCo0 2 [made by Nippon Kagaku 
Kogyo Co., Ltd.] are added 10 parts by mass of acetylene black and 
10 parts by mass of polytetrafluoroethylene (PTFE) and kneaded in an 
organic solvent (mixed solvent of 50/50 volume% of ethyl acetate and 
ethanol), which is rolled through rollers to prepare a thin-layer shaped 
positive electrode sheet having a thickness of 100 \xm and a width of 
40 mm. Thereafter, an aluminum foil (corrector) coated on its 
surfaces with an electrically conductive adhesive and having a 
thickness of 25 \xm is sandwiched between the two positive electrode 
sheets and a lithium metal foil having a thickness of 150 |xm is piled 
thereof through a separator (microporous film, made of polypropylene) 
having a thickness of 25 \im, which are wound to prepare a cylinder 
type electrode. A length of the positive electrode in the cylinder type 
electrode is about 260 mm. 

An electrolyte is prepared by dissolving the compound of the 
formula (XXI) (support salt) in a mixed solution of 50 volume% of 
diethyl carbonate (DEC)and 50 volume% of ethylene carbonate (EC) at 
a concentration of 0.25 mol/L(M). This electrolyte is poured into the 
cylinder type electrode and sealing is carried out to prepare a size AA 
lithium secondary cell (non-aqueous electrolyte secondary cell). 

With respect to the thus obtained lithium secondary cell, 
initial cell characteristics at 25°C (voltage, internal resistance) are 
measured and evaluated, and thereafter discharge-recharge cycle 
performance is measured and evaluated by the following evaluation 
method. Also, limit oxygen index of the electrolyte used in this cell 
is measured in the same manner as in Example 1. The results are 
shown in Table 3. 

-Evaluation of discharge-recharge performance- 

The cell is repeatedly subjected to discharge-recharge of 
50 cycles in an atmosphere of 25°C under conditions of upper limit 
voltage: 4.3 V, lower limit voltage: 3.0 V, discharge current: 100 mA 
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and recharge current: 50 mA to measure initial discharge-recharge 
capacity and discharge-recharge capacity after 50 cycles. 
(Example 20) 

A lithium secondary cell is prepared in the same manner as 
in Example 19 except that the compound of the formula (XXII) is used 
instead of the compound of the formula (XXI) as a support salt, and 
various cell characteristics and limit oxygen index are measured and 
evaluated in the same manner. The results are shown in Table 3. 
(Conventional Example 2) 

A lithium secondary cell is prepared in the same manner as 
in Example 19 except that an electrolyte is prepared by dissolving 
LiBF 4 in a mixed solution of 50 volume% of diethyl carbonate (DEC) 
and 50 volume% of ethylene carbonate (EC) at a concentration of 
0.75 mol/L(M), and various cell characteristics and limit oxygen index 
are measured and evaluated in the same manner. The results are 
shown in Table 3. 
(Example 21) 

A lithium secondary cell is prepared in the same manner as 
in Example 19 except that an electrolyte is prepared by dissolving the 
compound of the formula (XXI) in a mixed solution of 10 volume% of 
a phosphazene derivative C (a cyclic phosphazene derivative compound 
of the formula (XI) in which n is 3 and one of six R 5 s is ethoxy group 
and five thereof are fluorine, viscosity at 25°C: 1.2 mPa*s (1.2 cP)), 
45volume% of diethyl carbonate (DEC) and 45 volume% of ethylene 
carbonate (EC) at a concentration of 0.25 mol/L(M), and various cell 
characteristics and limit oxygen index are measured and evaluated in 
the same manner. The results are shown in Table 3. 
(Example 22) 

A lithium secondary cell is prepared in the same manner as 
in Example 21 except that a phosphazene derivative D (a cyclic 
phosphazene derivative compound of the formula (XI) in which n is 3 
and one of six R 5 s is n-propoxy group and five thereof are fluorine, 
viscosity at 25°C: 1.1 mPa • s (1.1 cP)) is used instead of the 
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phosphazene derivative C in the preparation of the electrolyte, and 
various cell characteristics and limit oxygen index are measured and 
evaluated in the same manner. The results are shown in Table 3. 
(Example 23) 

A lithium secondary cell is prepared in the same manner as 
in Example 21 except that the compound of the formula (XXII) is used 
instead of the compound of the formula (XXI) as a support salt, and 
various cell characteristics and limit oxygen index are measured and 
evaluated in the same manner. The results are shown in Table 3. 
(Example 24) 

A lithium secondary cell is prepared in the same manner as 
in Example 22 except that the compound of the formula (XXII) is used 
instead of the compound of the formula (XXI) as a support salt, and 
various cell characteristics and limit oxygen index are measured and 
evaluated in the same manner. The results are shown in Table 3. 
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(Examples 25-28) 

A lithium secondary cell is prepared in the same manner as 
in Example 19 except that each of compounds described in Table 4 is 
used instead of the compound of the formula (XXI) as a support salt 
and a concentration of this support salt is a concentration shown in 
Table 4, and various cell characteristics and limit oxygen index are 
measured and evaluated in the same manner. The results are shown in 
Table 4. 

(Examples 29-32) 

A lithium secondary cell is prepared in the same manner as 
in Example 21 except that each of compounds described in Table 4 is 
used instead of the compound of the formula (XXI) as a support salt 
and a concentration of this support salt is a concentration shown in 
Table 4, and various cell characteristics and limit oxygen index are 
measured and evaluated in the same manner. The results are shown in 
Table 4. 

(Examples 33-36) 

A lithium secondary cell is prepared in the same manner as 
in Example 22 except that each of compounds described in Table 4 is 
used instead of the compound of the formula (XXI) as a support salt 
and a concentration of this support salt is a concentration shown in 
Table 4, and various cell characteristics and limit oxygen index are 
measured and evaluated in the same manner. The results are shown in 
Table 4. 
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As seen from these results, the limit oxygen index of the 
electrolyte is raised and the safety of the cell is improved by using the 
support salt of the invention. Also, the support salt of the invention 
sufficiently acts as an ion source for lithium ion and can improve the 
electric conduction of the electrolyte, so that the cell characteristics of 
the cell using such a support salt are equal to the cell characteristics of 
the cell of the conventional example. Further, it has been understood 
that the limit oxygen index of the electrolyte is further raised and the 
safety of the cell is more improved by adding the phosphazene 
derivative to the electrolyte. 
<Polymer cell> 
(Example 37) 

[Preparation of polymer electrolyte] 

15 g of polyethylene oxide [made by Ardrich](Mw = 
5000000-6000000) and 5 mmol of the compound of the formula (XXI) 
(support salt) are mixed and added with 10 mL of acetonitrile, which 
are uniformly mixed and dissolved at 80°C to obtain polyethylene 
oxide sol (containing polyethylene oxide and the compound of the 
formula (XXI)). This sol is heated to 40°C under vacuum to vaporize 
acetonitrile and dried. Thereafter, it is swollen by impregnating with 
1 mL of a mixed solution of diethyl carbonate (DEC) and ethylene 
carbonate (EC) (DEC/EC = 1/1 (volume ratio)) to obtain a gel-like 
polymer electrolyte. A limit oxygen index of the polymer electrolyte 
is measured by a method defined in JIS K7201. The result is shown 
in Table 5. 

[Preparation of polymer cell] 

To 100 parts by mass of LiCoOa [made by Nippon Kagaku 
Kogyo Co., Ltd.] are added 10 parts by mass of acetylene black and 
10 parts by mass of polytetrafluoroethylene (PTFE) and kneaded with 
an organic solvent (mixed solution of 50/50 volume% of ethyl acetate 
and ethanol), which is rolled through rollers to prepare a thin layer- 
shaped positive electrode sheet having a thickness of 100 \xm and a 
width of 40 mm. Also, a graphite sheet having a thickness of 150 |Lim 
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is used as a negative electrode. 

Then, polyethylene oxide sol is prepared in the same manner 
as in the preparation of the above polymer electrolyte, and this sol is 
applied onto both surfaces of a polyethylene separator with a doctor 
blade so as to have a thickness of 150 \xm and then acetonitrile is 
vaporized to prepare polyethylene oxide-lithium gel electrolyte (dry 
gel). This gel is sandwiched between the positive electrode sheet and 
the negative electrode (graphite sheet) and wound and further swollen 
by impregnating with a mixed solution of diethyl carbonate (DEC) and 
ethylene carbonate (EC) (DEC/EC = 1/1 (volume ratio)) to prepare a 
size AA polymer cell. A length of the positive electrode in the cell is 
about 260 mm. 

With respect to the thus obtained cell, initial cell character- 
istics (voltage, internal resistance) are measured and evaluated, and 
then discharge-recharge cycle performance, low-temperature discharge 
characteristic, high-temperature storing property and effect of 
suppressing precipitation of dendrite are measured and evaluated by 
the following evaluation methods. The results are shown in Table 5. 
-Evaluation of discharge-recharge cycle performance- 

The discharge-recharge is repeated 50 cycles in an 
atmosphere of 25°C under conditions of upper limit voltage: 4.3 V, 
lower limit voltage: 3.0 V, discharge current: 100 mA and recharge 
current: 50 mA. A capacity reducing ratio after 50 cycles is 
calculated by comparing a discharge-recharge capacity with initial 
discharge-recharge capacity. The same measurement and evaluation 
are carried out on three cells in total to provide an average value, 
which is an evaluation of the discharge-recharge cycle performance. 
-Evaluation of low-temperature discharge characteristic (Measurement 
of low-temperature discharge capacity)- 

The cell is recharged at room temperature (25°C) and 
discharged at a low temperature (-20°C), and a discharge capacity at 
such a low temperature is compared with a discharge capacity of the 
cell subjected to discharge-recharge at 25°C to calculate a reducing 
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ratio of discharge capacity bu the following equation. The same 
measurement and evaluation are carried out on three cells in total to 
provide an average value, which is an evaluation of the low- 
temperature discharge characteristic. 

Equation: Reducing ratio of discharge capacity = 100 - (low- 
temperature discharge capacity/discharge capacity (25°C)) x 100 (%) 
-Evaluation of high-temperature storing property (Measurement- 
evaluation of discharge characteristic at room temperature after a high- 
temperature test)- 

After the cell is stored at 80°C for 10 days, a discharge 
characteristic at room temperature (25°C) (discharge capacity (mAh/g) 
or the like) is measured and evaluated. In the measurement- 
evaluation of this discharge characteristic, an internal resistance (Q, 
25°C, 1 kHz impedance) at 50% discharge depth (state that 50% of full 
capacity is discharged) is also measured. 

-Evaluation of effect for suppressing precipitation of dendrite- 

After the discharge-recharge of 1C is repeated at 25°C 
30 times, the cell is deconstructed to visually observe inner surfaces of 
the positive electrode and negative electrode. As a result, the 
precipitation of lithium is not particularly observed to cause no change. 
(Example 38) 

A polymer electrolyte and a polymer cell are prepared in the 
same manner as in Example 37 except that the compound of the 
formula (XXII) is used instead of the compound of the formula (XXI) 
as a support salt, and the limit oxygen index and various cell charac- 
teristics are measured and evaluated. Further, the presence or 
absence of dendrite precipitation is observed in the same manner as in 
Example 37 and as a result, the precipitation of lithium is not 
particularly observed to cause no change. These results are shown in 
Table 5. 

(Conventional Example 3) 

A polymer electrolyte and a polymer cell are prepared in the 
same manner as in Example 37 except that LiPFe is used instead of the 
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compound of the formula (XXI) as a support salt, and the limit oxygen 
index and various cell characteristics are measured and evaluated. 
Further, the presence or absence of dendrite precipitation is observed 
in the same manner as in Example 37 and as a result, the growth of 
lithium crystal (dendrite) is confirmed on the surface of the negative 
electrode. Also, fine irregularity due to the precipitation of granular 
lithium is observed on the surface of the positive electrode. These 
results are shown in Table 5. 
(Example 39) 

[Preparation of non-aqueous electrolyte] 

A non-aqueous electrolyte is prepared by adding 2.5 mL of a 
phosphazene derivative A (a cyclic phosphazene derivative compound 
of the formula (XI) in which n is 3 and two of six R 5 s are ethoxy group 
and four thereof are fluorine, viscosity at 25°: 1.2 mPa-s (1.2 cP)) to a 
mixed solvent of diethyl carbonate (DEC) and ethylene carbonate (EC) 
(DEC/EC = 1/1 (volume ratio)). 
[Preparation of polymer electrolyte] 

A polymer electrolyte is prepared in the same manner as in 
Example 37 except that 1 mL of the above prepared non-aqueous 
electrolyte is impregnated instead of the mixed solution of diethyl 
carbonate (DEC) and ethylene carbonate (EC) (DEC/EC = 1/1 (volume 
ratio)), and the limit oxygen index of the polymer electrolyte is 
measured. The result is shown in Table 5. 
[Preparation of polymer cell] 

A polymer ell is prepared in the same manner as in Example 
37 except that the above prepared non-aqueous electrolyte is 
impregnated and swollen instead of the mixed solution of diethyl 
carbonate (DEC) and ethylene carbonate (EC) (DEC/EC = 1/1 (volume 
ratio)), and various cell characteristics are measured and evaluated. 
Further, the presence or absence of dendrite precipitation is observed 
in the same manner as in Example 37 and as a result, the precipitation 
of lithium is not particularly observed to cause no change. These 
results are shown in Table 5. 
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(Example 40) 

A polymer electrolyte and a polymer cell are prepared in the 
same manner as in Example 37 except that a phosphazene derivative C 
(a cyclic phosphazene derivative compound of the formula (XI) in 
which n is 3 and one of six R 5 s is ethoxy group and five thereof are 
fluorine, viscosity at 25°C: 1.2 mPa • s (1.2 cP)) is used instead of the 
phosphazene derivative A, and the limit oxygen index and various cell 
characteristics are measured and evaluated. Further, the presence or 
absence of dendrite precipitation is observed in the same manner as in 
Example 37 and as a result, the precipitation of lithium is not 
particularly observed to cause no change. These results are shown in 
Table 5. 
(Example 41) 

A polymer electrolyte and a polymer cell are prepared in the 
same manner as in Example 39 except that the compound of the 
formula (XXII) is used instead of the compound of the formula (XXI) 
as a support salt, and the limit oxygen index and various cell 
characteristics are measured and evaluated. Further, the presence or 
absence of dendrite precipitation is observed in the same manner as in 
Example 37 and as a result, the precipitation of lithium is not 
particularly observed to cause no change. These results are shown in 
Table 5. 
(Example 42) 

A polymer electrolyte and a polymer cell are prepared in the 
same manner as in Example 40 except that the compound of the 
formula (XXII) is used instead of the compound of the formula (XXI) 
as a support salt, and the limit oxygen index and various cell 
characteristics are measured and evaluated. Further, the presence or 
absence of dendrite precipitation is observed in the same manner as in 
Example 37 and as a result, the precipitation of lithium is not 
particularly observed to cause no change. These results are shown in 
Table 5. 
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(Examples 43-46) 

A polymer electrolyte and a polymer cell are prepared in the 
same manner as in Example 37 except that each of compounds 
described in Table 6 is used instead of the compound of the formula 
(XXI) as a support salt and a concentration of this support salt is a 
concentration shown in Table 6, and the limit oxygen index and 
various cell characteristics are measured and evaluated. Further, the 
presence or absence of dendrite precipitation is observed in the same 
manner as in Example 37 and as a result, the precipitation of lithium is 
not particularly observed to cause no change. These results are 
shown in Table 6. 
(Examples 47-50) 

A polymer electrolyte and a polymer cell are prepared in the 
same manner as in Example 39 except that each of compounds 
described in Table 6 is used instead of the compound of the formula 
(XXI) as a support salt and a concentration of this support salt is a 
concentration shown in Table 6, and the limit oxygen index and 
various cell characteristics are measured and evaluated. Further, the 
presence or absence of dendrite precipitation is observed in the same 
manner as in Example 37 and as a result, the precipitation of lithium is 
not particularly observed to cause no change. These results are 
shown in Table 6. 
(Examples 51-54) 

A polymer electrolyte and a polymer cell are prepared in the 
same manner as in Example 40 except that each of compounds 
described in Table 6 is used instead of the compound of the formula 
(XXI) as a support salt and a concentration of this support salt is a 
concentration shown in Table 6, and the limit oxygen index and 
various cell characteristics are measured and evaluated. Further, the 
presence or absence of dendrite precipitation is observed in the same 
manner as in Example 37 and as a result, the precipitation of lithium is 
not particularly observed to cause no change. These results are 
shown in Table 6. 
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As seen from these results, by using the support salt 
consisting of the compound shown by the formula (I) or (II) is raised 
the limit oxygen index of the polymer electrolyte and the safety of the 
polymer cell provided with such an electrolyte is improved. Also, 
since the support salt consisting of the compound of the formula (I) or 
(II) sufficiently acts as an ion source for lithium ion and can improve 
the electric conduction of the polymer electrolyte, it has been 
understood that the cell characteristics of the polymer cell using this 
support salt are equal to the cell characteristics of the polymer cell of 
the conventional example. Furthermore, it has been seen that the 
limit oxygen index of the electrolyte is further raised and the safety of 
the cell is more improved by impregnating and swelling with the 
aprotic organic solvent added with the phosphazene derivative. 
INDUSTRIAL APPLICABILITY 

According to the invention, it is possible to provide a 
support salt which can be used in a non-aqueous electrolyte and a 
polymer electrolyte to suppress the combustion of the non-aqueous 
electrolyte and the polymer electrolyte. Also, a non-aqueous 
electrolyte cell having a high safety can be provided by constituting 
the non-aqueous electrolyte cell with such a support salt. Further- 
more, a non-aqueous electrolyte cell having a considerably high safety 
can be provided by adding a phosphazene derivative and/or an isomer 
of a phosphazene derivative to the electrolyte of such a cell. 

By using the above support salt in an electrolyte of a 
polymer cell can be provided a polymer cell in which the flame 
retardance is excellent, and the risk of ignition-fire is not caused and 
the safety is high, and the leakage of the electrolyte is not caused, and 
the miniaturization and thinning are possible, and the assembling onto 
various equipments is easy. Moreover, a polymer cell more surely 
reducing the risk of ignition-fire and improving the safety can be 
provided by including a phosphazene derivative and/or an isomer of a 
phosphazene derivative into the polymer electrolyte. 



